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DETERMINATION OF THE PURITY OF HYDROCARBONS 
BY MEASUREMENT OF FREEZING POINTS? | 


By Augustus R. Glasgow, Jr., Anton J. Streiff,? and Frederick D. Rossini 


ABSTRACT 


mproved and simplified procedure is described for determining the freezing 
points a hydrocarbons from time-temperature freezing and melting curves, 
and for calculating the purity when the freezing point for zero impurity is (a) 
known and (b) not previously known. A procedure for determining the cryoscopic - 
constant is also described. 
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I. INTRODUCTION 


n connection with the work of. this laboratory on the analysis, 
purific ation, and properties of hydrocarbons, the freezing point, 
determined from time-temperature freezing and melting curves, 
las been used to evaluate the purity of given samples of hydro- 
carbons. Since the previous reports on this subject [1, 2, 3],* improve- 
ments have been made in the apparatus and the procedure has been ° 
carfied and simplified. This report describes the present apparatus 
und procedure for determining the freezing point from time- -tempera- 
ture freezing and melting curves and for calculating the purity when 
LT 

I tigation was performed at the National Bureau of Standards as part of the work of the Ameri- 

Institute’ Research Project 6 on the “ \nalysis, Purification, and Properties of Hydro- 


rch Associate on the American Petroleum Institute Research Project 6 at the National Bureau of 


* Figures in brackets indicate the literature references at the end of this paper. 
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the freezing point for zero impurity is known and also when jj 
freezing point for zero impurity is not previously known. A procedy, 
for determining the cryoscopic constant is also described. 


II. PRINCIPLES INVOLVED 


The definitions, abbreviations, and symbols used in this paper g 
the same as those given in the preceding report [2], to which the reade 
is referred for details not covered here. 

For the equilibrium between a crystalline phase consisting of t) 
major component alone and a liquid phase consisting of the maj 
component and one or more other components, the thermodynan 
relation between the temperature of equilibrium and the compositic 
of the liquid phase, for an ideal or sufficiently dilute solution, is 


—In N,=—In (1—N2)=A(t,, -O[1+BU,—t)+ ee i. 
where 


N,=the mole fraction of the major component in the liquid 
phase; 
N.=(1—N,)=the sum of the mole fractions of all othe 
components in the liquid phase; 
t, =the temperature, in degrees centigrade, of the freezing 
point of the major component when pure (that i 
when N,=0); 
=the given temperature of equilibrium, in degrees centi- 
grade; 
A=4H,|RT;?; 
B=1/T,,—AC,,/24H,,; 
R=the gas constant, per mole; 
T;, =t,, +273.16 
AH, =the heat of fusion; per mole, of the major component i 
the pure state at the temperature 7, ; 
AC, =the heat capacity, per mole, of the pure liquid less t! 
of the pure solid, for the major component in the pw 
state at the temperature 7;,,. 
It is seen that the three constants (t,,, A, and B) in eq 1 are properiis 
only of the major component, so that the relation between thie. te 
perature of equilibrium and the mole fraction of solute is the sam 
for all solutes, of which there may be more than one in thie sal 
solution, provided they remain in the liquid phase and form with the 
major component an ideal solution. 
If r is the fraction crystallized of the total number of moles of & 
components in the system, then, as previously shown [2], 


t=t,,—a/[{1—(b/a)}—n], 


where a and 6 are constants for the given sample. Equation 2 giv 
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the relation between the temperature of equilibrium and the fraction 


‘ material crystallized. 
When the experiment is one performed yee to the procedure 
ization or melting 


of the major component is substantially constant with time, and, as 
pre yviou sly show n [2], 


0! 


r=k(z—2,), (3) 


‘where & is a constant characteristic of the given experiment, z is any 
Piven time, and 2, is the time at which freezing begins or melting 1 is 


complete. Furthermore, 


t=t,,—a’/[1—k’(z—2z,)], (4) 


where.a’ and k’ are constants . “quation 4 gives the relation 
between the temperature of equilibrium and the time during the 
part of the experiment in which ‘equilibrium between the liquid and 
solid phases of the major component exists. 


III. APPARATUS AND MATERIALS 


The freezing-point apparatus in its present form is shown in figures 
|, 2, and 3, which give, respectively, the assembly, the details of the 
freezing tube,’ anid the details of the stirring assembly. With the 
stirrer shown in figure 3, the vertical stroke is usually made 1% inches 
over-all, and the rate about 120 strokes per minute. 

The thermometric system consists of a 25-ohm platinum resistance 


Sthermometer, a resistance bridge (Miie ller-type)* in which the main 
g 


coils are thermostated, and a highly sensitive galvanometer, adjusted 
so that | mm on.the seale is equivalent to from 0.0001 to 0.0005 degree 


B cent iwrade, 


The apparatus also includes a vacuum system and a stop watch or 


} 
CIOCK 


The cooling and warming baths used are listed in table 1 


TABLE 1.—Cooling and warming baths used 


Range of freez- 


a ing points 


°C 

+30 to —50 | Slush of solid carbon dioxide in a 50-50 mixture of carbon 

} tetrachloride and chloroform. 

| —50 to —170 Liquid air, or preferably, liquid nitrogen. 

| +30to —10 Water maintained constant (+1 degree centigrade) at 10 to 
25 degrees centigrade above the freezing point of the 

sainple. 

Ice and water.* 

j Slush or solid carbon dioxide in a 50-50 mixture of carbon 

ie tetrachloride and chloroform.* 


—l0to —90 
—W to —170 





¢ discussion at the end of section V. 
| 
Pe Ac edgment is ey made of the assistance of F. W. Rose, Jr. (formerly Research Associate on 
t AP i Re esearch Project 6, and since October 1940, with the Houdry Process Corporation, Marcus Hook, 
I 1 fixing the details of the first design of the freezing tube shown in figure 2. 
Leeds & Northrup No. 8069, type G-2. 
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Figure 1.—Assembly of the freezing-point apparatus. 


A, Bracket for motor, with rubber pad; B, motor, with reduction gears, to give 120 rpm; C, 
wheel; E, steel rod; F, bearing; G, support for bearing; //, support for freezing tube; J, adjustab! 
holder; J, clamp for freezing tube; K, stirrer; L, thermometer; M, tube for inlet of dry air; N, cork st 
with holes as shown, plus a small hole for the ‘‘seed’’ wire; O, freezing tube, with silvered jacket; / 
cock on freezing tube; Q, asbestos collar; ?, brass cylinder, 1244 inches long and 244 inches insick 
with Bakelite collar; S, Dewar flask, for cooling or warming bath; 7’, asbestos pad at bottom of c) 
U, wood-block support; V, table top; W, wall; X, spherical joint, 18/7; Y, connection to vacuu 
nection to air, through drying tube. 
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FicgtrE 2.—Details of the freezing tube. 
h-vacuum stopcock, hollow plug, oblique 344-mm bore; B, inside opening of freezing tube, which must 
Save no bulge at this point; C, slanted connection to jacket of freezing tube; D, internal walls of jacket of 
tering tube, silvered; 2, spherical joint, 18/7, 
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Figure 3.—Detatls of the stirring assembly and supports. 


A, Stainless steel rod, round; B, German-silver tube; C, pins; D, holes, 44-inch in diameter; FE, brass ¥- 
with three holes, tapped for machine screws, spaced 4, %, and 1 inch from center; F, stee! rod; &, ® 
screws; H, brass coupling; J, steel shaft; J, steel rod, round; J’, steel rod, square; A, connecting pi 
brass-sleeve bearing; M, steel pipe, }4-inch nominal size; N, brass coupling; O, brass tee; P, alum 
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IV. EXPERIMENTAL PROCEDURE FOR A FREEZING 
EXPERIMENT 


The procedure for performing a freezing experiment is as follows: 

The apparatus is assembled, with no refrigerant and no sample 
of hydrocarbon yet in place, but with a stream (10 to 20 ml a minute) 
of dry air flowing. The jacket of the freezing tube is filled with air 
freed of carbon dioxide and water. 

As required, the operator must be prepared to induce crystalli- 
zation in the hydrocarbon sample as soon as possible after the tempera- 
ture has passed below the freezing point of the sample. In some cases, 
crystallization may be induced by introducing, into the hydrocarbon 
ample at the appropriate time, a small metal rod, which has been 
kept at liquid air temperatures. In other cases, crystallization may 
be induced by introducing, into the hydrocarbon sample at the 
bppropriate time, crystals of the hydrocarbon on the coiled end of 
» small metal rod. These crystals are made by placing several 
milliliters of the hydrocarbon in a small test tube (incased in a thin 
metal tube) immersed in a refrigerant whose temperature is below 
the freezing point of the hydrocarbon. 

The Dewar flask surrounding the freezing tube is filled with the 
sppropriate refrigerant. The thermometer and stopper are tempo- 
rary removed and the hydrocarbon sample (50 ml of liquid) is intro- 
duced. When the hydrocarbon is volatile or normally gaseous at 
yoom temperature, the freezing tube is cooled before introducing the 
sample in order to minimize loss by evaporation. The flow of dry 
sir into the freezing tube is continued in order to keep out water 
vapor. The stirrer is started and the sample is allowed to cool down 
0 within about 15 degrees centigrade of the freezing point, when 
evacuation of the jacket of the freezing tube is begun. 

The time and the resistance of the thermometer are observed at 
ven intervals of 0.1 ohm (about 1 degree centigrade) to determine 
the rate of cooling. When a cooling rate is obtained that will give 
# change of 1 degree in about 2 to 3 minutes, in the range of about 
5 to 10 degrees above the freezing point, the stopcock controlling 
the jacket of the freezing tube is closed. (The optimum rate of 
cooling will vary with the hydrocarbon being examined.) 

When the temperature reaches a point about 5 degrees above the 
expected freezing point, the time is recorded to 1 second (or 0.01 
minute), at which the resistance of the termometer equals certain 
preselected values (every 0.1 or 0.05 ohm). At the appropriate time 
(see above), crystallization is induced. The beginning of erystalliza- 
tion will be accompanied by a halt in the cooling of the liquid. 
Alter recovery from under cooling is substantially complete, the 

esistances, including the reading of the scale of the galvanometer 
at full sensitivity as well as the scale reading with no current through 
the galvanometer, are recorded at intervals of about 1 minute. These 
bbservations, together with the sensitivity of the galvanometer system 
an terms of ohms per millimeter of scale reading, yield a sensitivity 
hear 0.0001 degree centigrade in the measurement of temperature. 

hese observations are continued until the stirrer begins laboring. 
_ Then the stirrer is stopped and comparison of “‘N” and “‘R” readings 
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is made through the commutator. These latter readings are ya), 
at fixed intervals of about 1 minute, alternately for “N” and “p 
and the difference between the two at any given instant of tin: ; 
determined from a plot of the several values against time. 


V. EXPERIMENTAL PROCEDURE FOR A MELTING 
EXPERIMENT 


The procedure for performing a melting experiment is exactly ¢ 
same as for a freezing experiment, up to the point where the stir 
begins laboring. When the stirrer shows signs of laboring, a cop. 
parison of ““‘N” and “R”’ readings is made through the commutaty; 
as in the previous section, except that the stirrer is still operatiy 
When the laboring of the stirrer becomes quite pronounced, t) 
cooling bath is replaced by the appropriate warming bath, ay 
simultaneously, further evacuation of the freezing tube is bem 
with the stirrer still operating. After evacuation for an appropriat: 
length of time (3 to 10 minutes), the stopcock on the freezing tubes 
closed, and observations of time and resistance are continued alow 
the equilibrium portion of the melting curve as along the equilibrium 
portion of the freezing curve. When melting is substantially coraplet 
as evidenced by a marked change in the rate of change of resistano 
the time is recorded when the resistance reaches certain preselected 
values at even intervals of 0.05 ohm (0.5 degree centigrade). Ty 
experiment is concluded when the temperature has reached a point} 
to 10 degrees above the freezing point. 

For substances having freezing points in the range — 135° to —17/' 
C, the melting experiment may be performed by letting the cooling 
bath of liquid air remain in position and evacuating the jacket 
the freezing tube as much as possible. This will make the therm 
conductivity across the jacket so small that the energy introduced \) 
the stirrer may be used to provide the energy of melting. A simi 
procedure may be used for melting experiments with substanes 
having freezing points in the range from about —50 to —S\°| 
utilizing the bath of solid carbon dioxide in a 50-50 mixture of carbo 
tetrachloride and chloroform. 


VI. EVALUATION OF THE FREEZING POINT FROM: 
FREEZING CURVE 


To locate zero time (the time at which crystallization would hav 
begun in the absence of undercooling), a preliminary plot is mat 
of the time-resistance observations covering the liquid cooling 2 
and the equilibrium portion of the freezing curve. For this pi 
as shown in figure 4, the time scale is taken so that 1 cm is equivaletl 
to 1 minute and the resistance scale (for a 25-ohm thermomett! 
so that 1 cm is equivalent to 0.02 ohm (0.2 degree centigrade). Ususf 
the extent of undercooling is small enough that no correction 
zero time need be made, in which case zero time can usually ® 
determined by a visual extrapolation, on this plot, of the equilib” 
portion of the freezing curve back to its intersection with the liqu 
cooling line. However, if undercooling is appreciable, correction | 
its effect on the time may be required (see part I]—2 of reference |} 
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A sim F as gives the timein minutes. GHI represents the equilibrium portion of the freezing curve. Zero 
oe time is given by the intersection of the liquid cooling line with GHI extended. The same data are plotted 
ibstances in figure 5 with a magnified scale of temperature. 
- Sf? ( 
f carbo In order to locate accurately the resistance corresponding to the 


eezing point, the time-resistance observations are plotted as shown 
i figure 5, with the same time scale as before but with the scale of 
20M Ammeemperature magnified 10 to 200 times. The equilibrium portion of 
he curve, GHI, is extended back to its intersection at F with the 
iquid line by the simple geometrical construction shown in figure 6 
taken from reference [2]), re for this ecg three points 


uld . near the ends and the middle) of the equilibrium portion of the 


1S made . oe . : ° ° 

ane fi urve.$The point F gives the resistance corresponding to the freez- 
his ploifqmmes Point. (For details regarding the identification of the equilibrium 
nivalenmeortion of the curve, and the geometrical construction for determining 


he freezingJpoint, see reference [2].) er ; 
{there is any doubt about the location of the a portion 
the time-temperature curve, the criterion described on pages 210 


10Me ter 
Usual 


tion fu : : - 

“a ymmeed 211 of reference [2] may be applied. This procedure [2] involves 
‘jibriumfameotting values of (2—2m)/(R—R,) versus (2—Zm_), where (Rn, 2m) 
» ligui an arbitrary fixed point near the middle of the equilibrium portion 


nd (R, 2) is any other point on the curve. This plot yields a straight — 
ine for that portion of the time-termperature curve representing the 
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equilibrium portion, and which has been obtained according to thy 
experimental method described in this report.® 

The observed resistance at the point F, corrected by one-half thy 
difference between the ‘“‘N” and ‘“R” readings, and by appropriai, 
calibration corrections to the coils of the bridge, if necessary, is ep. 
verted to temperature in degrees centigrade. A convenient procedyp: 
to follow for this purpose is to put the calibration constants of th 
platinum resistance thermometer in the equation 


R=Ro{1+et[(1 +0.015) — 10~*6t— 10-*8(t— 100) #*}}, 


where ¢ is the temperature in degrees centigrade and Ro, 4, 8, andc-= 
(Rioon—Ry)/100R,, are the calibration constants provided by the Nj. 
tional Bureau of Standards Thermometer Laboratory for the give 

26.0735fT a | T r T T : ee 
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Ficure 5.—Time-temperature cooling curve for determining the freezing point 
sample of benzene. 


The scale of ordinates gives the resistance in ohms of the platinum resistance thermometer, a! 
abscissas gives the time in minutes. GHI represents the equilibrium portion of the freezing 
freezing point F is determined as described in the text (see [2]). These data are the same as | 
in figure 4. 


thermometer. The foregoing equation with four constants 1s ust 
for the range —190° to 0° C. For the range above 0° C, @ is taken 
as zero, and the equation is simplified to 

R=R,{1+ct[(1+0.015) —10-*s¢] }. 


With this equation, values of R are calculated to 0.00001 ohm, for 
unit degrees in the range of interest. (If determinations are to °° 

§ This plot of (2—2m)/(R—Rm) versus (2—Zm) thay also be used to evaluate t, and ty,, as described on pa 
210 and 211 of reference [2], 
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made on many different hydrocarbons, time will be saved by making 
yp at the start a table of such values of R for unit degrees in the entire 
range L inear interpolation between unit degrees may be used 
without significant error to obtain the t temperature corresponding to 
civen resistance. A table of this kind covering the range —190° 

> C can be put on a sheet 14 by 17} inches in size. 























2 Time —> 


tE 6.—Geometrical construction for determining the freezing point. 


ind I as any three points on the equilibrium portion of the freezing curve, preferably spaced 

ely as shown. Construction to determine ty: Draw AC parallel to the temperature axis at 

the time at which crystallization would have begun in the absence of undercooling). Draw 

parallel to the time axis. Draw a line through G and H intersecting AB at E and AO at 

1 Draw al ine through H and I intersecting AC atJ. Draw aline through J parallel to DE, intersecting 
ms BatK. Draw a line throt igh K and G, intersecting AC at F. F is the desired point, representing the 
vezing point of the given sample. Construction to determine t,,. Draw a line through @ parallel to 

» 4nd a line through I parallel to AC, the two lines intersecting at L. Draw a line through points K 
versecting AC at M. M is the desired point, representing the freezing point for zero inpurity, t,,. 
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VII. EVALUATION OF THE FREEZING POINT FRO, ; 
MELTING CURVE 


Zero time is determined from a preliminary plot (as for the free) 
curve) of the time-resistance observations covering the equilibriyy 
portion of the melting curve and the liquid warming line, as show, 
figure 7. Zero time can usually be determined by visual extrapols 
tion, on this plot, of the equilibrium portion of the melting cury, 
its intersection.with the liquid warming line extended down in te. 
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Fiaure 7.—Time-temperature warming curve for determining ‘‘zero”’ 
experiment on a sample of ethylbenzene. 


The scale of ordinates gives the resistance in ohms of the platinum resistance thermometer, and t 
of abscissas gives the time in minutes. HG represents part of the equilibrium pertion o of the 
curve. Zero time is given by the intersection of HG extended to its intersection with the ba 
sion of the liquid warming line. The same data are plotted in figure 8 with a mag 
tem perature. 


perature to its intersection with the extension of the equilibrium po 
tion of the curve. 

The location of the freezing point at F is done exactly as in th 
of the freezing experiment, except that the geometrical construct! 
is made to the right, as in figure 8. See figure 6 and reference |)“ 
details. 

The conversion of resistance to temperature is made as previ 
described. 
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Time-temperature warming curve for determining the freezing point of 
a sample of ethylbenzene. 


le of ordinates gives the resistance in ohms of the platinum resistance thermometer, and the scale of 
is gives the time in minutes. IHG represents the equilibrium portion of the melting curve. The 
zing point F is determined as described in the text (see {2}). These data are the same as those plotted 


VIII. CALCULATION OF THE PURITY WHEN THE FREEZ- 
ING POINT FOR ZERO IMPURITY IS KNOWN 


When the values of the freezing point for zero impurity and the 
ryoscopic constants are known, the measured value of the freezing 
point may be used to calculate the purity of the given sample by 
ineans of the equation 


logiop=2.00000— (A/2.30259) (t,,—t,) [1 +B(t,—t,)]. (7) 


neq 7, p is the purity in mole percent, t, is the freezing point, ty is the 
ireezing point for zero impurity, and A and B are the cryoscopic con- 
stants ° defined in section IT. 

for many hydrocarbons of low molecular weight, the value of the 
‘constant A lies in the range 0.005 to 0.06 deg™ and that of the constant 


sidtasepeniaiedice: 
selected “best’”’ values of the eryoscopic constants of the more important hydrocarbons of the various 

». sare being compiled for publication in a joint investigation of the Thermochemical Laboratory and 
American Petroleum Institute Research Project 44 at the National Bureau of Standards. 
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B in the range 0.000 to 0.005 deg. In many cases, therefore. 4 
constant B may be neglected, and eq 3 reduces to 


logiop = 2.00000 — (A/2.30259) (t;,—t,). 
For small values of t,,—t,;, eq 8 reduces further to 
p=100({1—A(t,,—t,)]. 


In terms of mole fraction of the major component, Nj, the equating 
corresponding to 7 and 9 are 


logioNi= — (A/2.30259) (t,,—t,) (1+B(t,—t,)] 
Ni =1—A(t,—t,). 


In terms of mole fraction of the impurity, N2, which is 1- 
limiting equation corresponding to eq 11 is 


N, = A (t;,— ty). 


The foregoing equations relating purity and temperature inyoly 
the two assumptions that all of the impurity in the given sample (; 
remains in the liquid phase during crystallization, and (b) forms 
with the major component a substantially ideal solution. Wit) 
regard to assumption (b), it is apparent that when a given hydro 
carbon has been put through a logical system of purification then 
will remain as impurity only those hydrocarbons (usually close. 
boiling isomers) that are very similar to the major component.  Thes 
latter hydrocarbons are, however, precisely those that are mos 
likely to form with the major component a substantially ideal solv- 
tion. With regard to assumption (a), involving the absence of solid 
solutions, the following points should be noted: The possible exis 
ence of solid solutions need be considered only for the case of th 
major component and its most probable impurities (usually close. 
= oul isomers); among hydrocarbons of low molecular weight, close- 
boiling isomeric impurities fortunately seldom possess the req 
shape ‘and size of the molecule to favor the formation of solid veliin 18 

However, when there are known cases where a given hydrocarbor 
and its most probable impurity (for the given process of purilicatio: 
form solid solutions, or otherwise do not conform to the requirements 
for the ideal relations, and if it is desired to translate into purity t! 
freezing points of such systems, observations should be made o 
known mixtures of such hydrocarbons for the purpose of evaluating 
the actual relation between freezing point and purity. In genera 
in those cases where the identity of the impurity is known, the actual 
relation between purity and freezing point may be determined exper 
mentally from known mixtures. In-such cases, the observed re 
tion, rather than the theoretically calculated relation for the 
solution, should be used if the former is found te differ significant 
from the latter. 


IX. CALCULATION OF THE PURITY WHEN THE FREEZING 
POINT FOR ZERO IMPURITY IS NOT PREVIOUSLY 
KNOWN 


When for the given compound under examination, the freezilg 
point for zero impurity is not previously known, its value may ' 
determined by application of the procedures previously descr 


(1, 2). 
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The first of these procedures may be performed simply as follows: 
The time of crystallization is determined as described in part II-3 
of reference [1]. If this experiment is not identical with the one 
from which the freezing point has been determined, the time of crys- 
allization for the latter is related to that for the former (with the 
same quantity of sample in both experiments) as follows: 


(Zzin)1/(Z2m)2= (At/Az)2/(At/Az),, (13) 


where Ze is the time of crystallization in minutes, At/Az is the 
cooling rate (or the negative of the warming rate) of the liquid phase 
at the freezing point in degrees per minute or ohms per minute, and 
the subscripts 1 and 2 identify the two experiments.’ 

Taking the rate of crystallization to be substantially constant [1], 
the fraction, 7, crystallized at any time 2z, is 


r= (2,—2;)/Z2m (14) 


where zy is “zero” time or the time at which crystallization begins 
with no significant amount of undercooling). In the proper appli- 
cation of eq 9 and 10, it is necessary that the rate of introduction of 
energy by stirring be small in comparison with the total rate of heat 
fow to or from the sample.’ If the stirring energy is significantly 
large, appropriate correction for it must be made in evaluating the 
time of crystallization, as described in part II-3 of reference [1]. 
The time 2, is selected as far as possible down the equilibrium por- 
tion of the curve (see GHI in fig. 5 and 8). Then the freezing point 
for zero impurity is 


t=t+(“=*) (t;—t,), (15) 


where ¢, is the equilibrium temperature at the time z,. It is desir- 
able to make the determination of t, from several experiments on 


the same or different samples of the highest purity. 

When the value of the freezing point for zero impurity is thus de- 
termined, and a value of the cryoscopic constant (or constants) is 
known, the calculation of the purity is made by means of the appro- 
priate equations given in the preceding section. 

Whenever the value of the cryoscopic constant A is not known, a 
value for it may be determined as described in the following section. 

The second proceduce for determining ty, is described on pages 205- 
207 of reference [2]. This procedure, which requires no additional 
experimental data, is applicable only to those experiments in which 
the time-temperature observations extend over a sufficiently large 
fraction (of the order of % to ¥) of material crystallized. The geo- 
metrical construction for determining t,, by this procedure is illus- 
trated in figure 6. If the point M lies off the available plotting space, 


tance-time curve at the freezing point, for either a melting or a freezing experiment, is not 
r to permit reasonably accurate evaluation of the slope directly from the resistance-time 
it the freezing point may be readily evaluated, from the data of either the freezing or the 
ment, by plotting, as a function of time, values of the slope of successive chords of the resist- 
e taken as the difference in successive readings of resistance divided by the time interval in 
extrapolating these slopes to the “‘zero”’ time, zs, at the freezing point. 
of stirring may be readily determined by having the substance and container at the tempera- 
ket (0°, —80°, or —185° C), taking observations of resistance, with stirring, for a period of 10 
g the stirrer for a period of 5 minutes, again taking observations of resistance, with stir- 
r period of 10 minutes, ete. The cessation of stirring in a given period produces, between 
idjacent to it, an offset (decrease) of the resistance (temperature) curve with respect to time. 
lacement of the resistance-time line between the two stirring periods, measured at the 
period of no stirring, divided by 5, the number of minutes in which the stirrer was halted, 
{ the stirring energy in terms of the change of resistance (temperature) per minute, of the 


wifficient 


670468—_45——_-2 
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its value may be determined analytically as follows [2]: Giver , 
three points G, H, and I on the equilibrium curve, having values , 
time equal to 2g, zy, and z (with point H having been selected my. 
way between G and I in point of time, so that 2g—2q=2y—2) 


ul) 


values of temperature (resistance) equal to fg, ty, and t;, respectively 
Then (see footnote 5) 
ty, =tg+ (te—t)/(u—1), 


where 
U= (ta—t) /(ta—ta). lj 


In general, it is desirable to utilize both of the foregoing procedurs 
where possible. The two procedures should give the same res 
within the respective limits of uncertainty. (See fig. 5 in reference [2 


- 


X. DETERMINATION OF THE CRYOSCOPIC CONSTANT 


When enough of the given compound is available, the cryosco; 
constant may be determined directly by measuring the lowering of t\y 
freezing point caused by the addition to it of a measured amount o/ 
an appropriate solute. The amount of the given compound required 
is about 40 ml, and its purity should be about 97 or more mole percent 
The solute required to be added is one that will form with the give 
compound a substantially ideal solution (with no solid solutions), its 
purity should be about 97 or more mole percent, and the amount r- 
quired is about 2 ml. Preferably, the solute added should be isomer 
with the given compound and the impurity in the solute should not 
include any significant amount of the given compound. Further 
more, the solute added must be one that does not form a eutect 
mixture with the given compound at the resulting concentration in 
the solution formed. In general, eutectic mixtures of this low con- 
centration will be likely to occur only for solutes that have freezing 
points much higher than the given substance.’® 

Let H be the given hydrocarbon compound under examinatio 
Measurement is made of the freezing point, t,*, of a sample of ‘pur 
H, according to the procedure described in the preceding sections 0! 
this report. To a weighed amount of 40 ml of pure H is added 2n 
of the given solute, with the weight of the solute being determi 
from the increase in weight. The solution thus formed is one in whi 
the concentration of the hydrocarbon H is about 5 mole percent les 
than in the pure H. Measurement is made of the freezing point 
of the solution. Let 


m” =the mass of the pure H used in making the solution of I] 

m?=the mass of the solute, Q. 

M’*=the molecular weight of pure H, taken to be that given by 
the molecular formula of H; 

M%=the molecular weight of the solute, Q, taken to be that give 
by the molecular weight of Q; 

N?=the mole fraction of H in pure H; 

N* =the mole fraction of H in the solution formed from H and Q, 
calculated from the masses and molecular weights. | 

H and Q are isomeric, the mole fraction is identical wit 

the weight fraction. 


* For example, p-xylene ({p=13.26° C) forms with ethylbenzene (fp=—94.95° C) a eutectic mixtu 
which there is about 344 mole percent of p-xylene. 





Is 


Ven t 


alues of 


ed m \- 
<1) ay 
CCLiVely 


cedures 
» result 
nee [2 


TANT 


OSCOT 

& of th 
Ount of 
equired 
ercent 
é given 
NS), its 
UNL Te- 
“Omer, 

ald not 
urther- 
utect 

LION ID 
W COl- 


NAtior 
“pure 


ions af 


whi 
Nt Less 
nt 


Purity by Measurement of Freezing Points 371 


Then the following relations hold 
—In N?=A(t,—t,’) (18) 
—In N'=A(t,—t/) (19) 
—In (N'/N’)=A(t?—t/) (20) 
A= —2.3026 [logy (N*/N*)]/(t?—t/). (21) 


For many compounds, the value of t/?—t,/ in the foregoing experi- 
nents will be, for the amounts indicated, about 1° to 2° C, and the 
uncertainty in the resulting value of the cryoscopic constant should 
be not more than several percent. (See reference [3]). 

In ease 40 ml of the given compound in a purity of about 97 percent 
isnot available for making up a solution as described above, the cryo- 
scopic constant, A, may be determined, without contaminating the 
sumple, from a value of the heat of fusion estimated by a comparison 
with observations on a substance whose heat of fusion is known [1]. 
The procedure is as follows: Select a similar compound F whose heat 
of fusion is known and whose freezing point is within about 15° C of 
that of the compound G whose heat of fusion is to be estimated. 
Perform a complete time-temperature freezing experiment on the 
substance F, and likewise on the substance G, using substantially the 
same number of moles in each case and the same jacket temperature. 
For each of the experiments, the corrected time of crystallization is 
determined. Then, approximately, 

(At/AZ)a(Zrm)a. 
(At/Az) r(Zzin) F 


The foregoing relation will yield a value for the heat of fusion, and 
hence the eryoscopic constant, which will in most cases be uncertain 
by not more than about 20 percent of itself. The accuracy of this 
procedure can be improved by using two reference substances, one of 
freezing point above and the other below that of the given substance, 
and appropriately interpolating. 

Where possible, the method of determining the cryoscopic constant 
by direct measurement of the lowering of the freezing point is to be 
preferred over the approximate method described in the preceding 
paragraph. For use in the ideal systems discussed in this report, the 
most accurate values of the cryoscopic constants are usually derived 
from heats of fusion measured calorimetrically. 


(22 


(AHm)q=(SHr)y 


XI. DISCUSSION 


Duplicate determinations of the freezing point of a given sample 
nade by a given operator with the apparatus and procedure described 
in sections ILL to VII will usually differ by not more than 0.002 to 
).005 degree centigrade, except for very impure samples and for com- 
pounds having rather small values of the eryoscopic constant A. It 
ollows that duplicate determinations would yield values of purity (in 
nole percent) differing usually by not more than 0.2 to 0.5 times the 
eryoscopic constant A (in deg@'). 

Determinations of the freezing point of a given sample made in 
(ferent laboratories with the apparatus and procedure described in 
‘vections LIL to VIL should normally differ by not more than about 


1 
hf) 


| to 0.02 degree centigrade, if the resistance bridges and the plati- 
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num resistance thermometers have been properly calibrated, ag wii; 
constants certified by the National Bureau of Standards, and measyp. 
ments of the ice point are made at appropriate intervals. 

Assuming that the impurity remains entirely in the liquid phys 
during crystallization and forms with the major component a gy. 
stantially ideal solution, the uncertainty in the value of the purity ¢ 
a given sample determined with the present apparatus and procedyp 
will include (a) an uncertainty in the value of the freezing point, 
which uncertainty has been discussed above, and (b) an uncertainty 
in the given value of t,. For substances having a large value of th 
cryoscopic constant A, the uncertainty in ¢, will usually be near ()() 
to 0.03 degree centigrade, if the sample available for measurement hy: 
a purity of about 99.8 or more mole percent. For substances havi 
a small value of the cryoscopic constant A, the uncertainty in ty, may 
be near 0.05 to 0.10 degree centigrade, when the determination 
made on a sample having a purity of about 99.8 or more mole percent 
The uncertainty in the value of t, will, of course, decrease with increas 
in the purity of the sample. As discussed in section VIII, calculations 
relating to systems of known components should be based, whe 
possible, upon actual experimental observations on known mixture 
of such compounds. 

For those compounds that have one or more metastable forns 
whose freezing points can be determined, it becomes necessary | 
ascertain for which crystalline form the determined freezing point 
has been obtained: For those cases where the freezing point ( 
zero impurity) of metastable form II is more than a few degrees below 
that of the stable form I, there is little difficulty in identifying th 
forms, as it would usually require a rather impure sample of form | 
to have a freezing point below that of a pure sample of form |! 
When the difference in the freezing points (for zero impurity) of i! 
two forms is less than several degrees, and especially when the differ 
ence is less than one degree, the problem of identifying the forms is 
somewhat more involved. However, except in the most complicat 
case, it is possible to determine the value of t, yielded by thie given 
experiment (as outlined in section LX) and to identify the crystalli 
form from the value of t,. 

Measurements of freezing points of actual “best’’ samples, with 
evaluation of freezing points for zero impurity, together with determ- 
nations of cryoscopic constants as required, have been made, accordits 
to the method and procedures described in this report, on approx 
mately 80 different purified hydrocarbons of the paraffin, alkyl« 
pentane, alkylceyclohexane, alkylbenzene, monoolefin, diolefin, 
cyclomonoolefin series in connection with the work at this Bureal 
of the American Petroleum Institute Research Project 6 on the put 
fication and properties of hydrocarbons. Determinations o! 
purity of the NBS Standard Samples of hydrocarbons are also bei 
made by the procedures described in this report. Complete deta 
of this experimental work will appear in other reports from ‘ 
National Bureau of Standards [7]. 
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EFFECT OF PRESSURE ON THE MELTING OF 
CRYSTALLINE RUBBER * 


By Lawrence A. Wood, Norman Bekkedahl, and Ralph E. Gibson? 


ABSTRACT 


The effect of hydrostatic pressure on the melting of crystalline rubber has been 

ibject of a brief investigation extending to pressures above 1,000 atmos- 

s. With a particular sample of stark rubber, it was found possible to raise 

‘he temperature of melting, as determined by the disappearance of birefringence, 

1 ab ut 36° to 70° C by the application of a pressure of 1,170 bars (1,170 X 10° 

nes‘em?). The results, including observations at intermediate pressures, can 
e represented adequately by the equation log jo (p+ 1,300) = 5.9428 — (875/T). 
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I. INTRODUCTION 


The effect of hydrostatic pressure on the melting of crystalline 

ibber has been the subject of a brief investigation extending to 
pressures above 1,000 atmospheres. With a particular sample of 
: toh rubber it was found possible to raise the temperature of melting 
as determined by the disappearance of birefringence, from about 36° 
to 70° C by the application of a pressure of 1,170 bars (1,170 10° 
dynes‘em*). The results, including observations at intermediate 
pressures, are given in table 1 and in figure 1. 


II. SAMPLE 


The crystalline smoked-sheet sample, called stark rubber, as it had 

melting range above room temperature, was furnished in 1939 by 
H. I. Cramer while he was a professor at the University of Akron. 

Melting of a portion of this sample at atmospheric pressure was 
determined from observations of volume changes in a mercury-filled 

latometer by a method previously described [1, 2].2 It can be seen 
from the temperature-volume relation shown in figure 2 that the 
melting occurred over a range of temperature from 32° to 39° C. 
—— J. Chem. Phys. 13, 475 (1945). 

Att me this work was done, Dr. Gibson was a member of the staff of the Geophysical Laboratory of 
Institution of Washington. 


brackets indicate the literature references at the end of this paper. 
375 
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The disappearance of the birefringence, which according to figyy, 
takes place close to 36° C at atmospheric pressure, evidently define 
a position near the center of the melting range. . 
The expansivity (1/V)(dV/dT) at 25° C of the eae rubbe 
calculated from data plotted in figure 2 2. is found to be 650 > De 
that of the crystalline rubber 590 x 107 Der 


degree centigrade anc 
degree centigrade. 


III. APPARATUS AND PROCEDURE 


The high-pressure equipment used in this investigation was locat; 
in the Geophy sical Laboratory of the Carnegie Institution of W ashing 
ton and has been described in previous papers [3, 4]. The : app “ON 
mate adjustment of the pressure was made by means of a hand 
and the fine adjustment by a screw plunger operated by a whe 
The amount of pressure was determined by a calibrated mang 
wire resistance-gage [5, 6]. 

Specimens of the stark rubber sample were cut into strips about 
millimeter in thickness. One strip of this stark rubber, together with 
a similar strip previously melted by heating to about 70° C, wa 
placed side by side in a glass piezometer. The use of two specimens 
adjacent to each other permitted an excellent visual criterion 
determining when birefringence disappeared. 

Ethylene glycol was used as a confining liquid in the piezo 
Water was found to be unsatisfactory for this purpose as it penetrat 
the rubber specimens and impaired their transparency after sever! 
hours at high pressures. No such difficulty was encountered with t! 
ethylene glycol. 

Light from a 6-volt, 32-candlepower lamp, after being polarized !y 
sheet of Polaroid, passed through the window of the pressure eq 
ment and through the specimen. The polarized light was obse: 
after emerging from the equipment, by the use of a second sh 
Polaroid as analyzer. 

In operation, the piezometer containing the specimens was pla 
in the apparatus, the pressure increased to about 1,300 bars, and | 
temperature of the bath raised to the desired value. After tempe! 
equilibrium was attained, the pressure was slowly lowered and co- 
tinuous observations made of the birefringence. Except dui 
melting of the stark specimen, no significant variation with pressur 
was noted in the appearance of the birefringence of the two specimens 
between crossed Polaroids. 


TEMPE RATUR 


IV. RESULTS AND DISCUSSION 

The change in birefringence associated with the melting of th 
stark specimen was found to take place over a sma! range of pressur 
with the major portion of the change occurring within an interve! 
only a few bars. The pressure at which the change of birefring’ 
was most rapid has been used as abscissa in figure 1, and the cor 
sponding bath temperature used as ordinate. A new specime! 
from the same sheet of stark rubber, was required for eachi poi 
The data from which the curve was plotted are given in the first '¥0 
columns of table 1. 
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elation between temperature of melting and applied pressure for a 
sample of stark rubber. 


Pressure and related quantities at temperature of melting 


Pressure 
perature of a ae o + Sa ee dT/dp LIAV, 
elting calculated calculated 
Observed Calculated | 


Bars deg C/bar | jlem’ 
; 0.0365 | 846 
. 0345 906 
. 0323 QR7 
. 0302 1, 060 
. 0283 1, 160 
. 0250 1, 350 
. 0236 1, 450 











The relation between the temperature of melting and the pressure 
hown by the curve cannot be regarded as valid for crystalline rubber 
ving at atmospheric pressure a melting range different from that 
lescribed here. As the melting range at atmospheric pressure is 
leperident on the temperature at which the crystals were formed [7], 

lis fact limits the application of the present results. However, if a 

‘to be made of rubber crystallized at different temperatures, 

s presumed that as a first approximation a family of curves not too 
ur from parallel would be obtained with displacement along the 
niperature axis. 

Some crystallization was observed when amorphous specimens 
rere kept under a pressure of about 1,100 bars at 30° C for 16 hours. 
Jt was observed that the crystals formed in this manner melted at a 
uch lower temperature than the value for the same pressure given 
y the curve in figure 1. The crystals formed under these conditions 
rere evidently different from those present originally in the stark 
ubber. At atmospheric pressure the temperature of melting, as 
Aready mentioned, is dependent on the temperature at which the 
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crystals were formed.. No doubt the melting depends in a g& 
what similar fashion on the pressure on the rubber during crystal) 
zation. ; 

At atmospheric pressure rubber crystallizes at temperatures betyoe 
—50° C and +15° C, crystallizing most rapidly at temperatures yoy 
—25°C. The effect of an increase of pressure is to raise the range 
temperatures at which crystallization may occur. For exanp) 
Thiessen and Kirsch [8, 9, 10] found that pressures up to 25 atmo 
pheres increased the rate of crystallization at temperatures near |()°¢ 
Dow [11] observed that a pressure of 8,000 kg/cm? raised the rang 
temperature favorable for crystallization so much that no crvstak 
were formed during 14 days at 0° C. The partial crystallizati 
after 16 hours at 30° C under a pressure of 1,100 bars in the presert 
work is additional evidence of the same effect. 

The curve shown in figure 1 can be represented adequately by ti 
three-constant logarithmic equation, 

logio (p +1,300) =5.9428— sis 

where 7 is the temperature of melting in degrees Kelvin and p is th 
pressure in bars. The values given in the “third column of table! 
are calculated from the above equation. A differentiation of th 
equation gives 


dT _ ari 
dp 2,015 (p+1,300)’ 


from which the values in the fourth column of the table were 
lated. 
The use of the Clapeyron equation, 


dp OL 

dT TAvV’ 
where L is the heat of fusion and AV the corresponding change i 
volume, permits a calculation of Z/AV from the data just 
This quantity, in joules per cubic centimeter of volume chang 
shown in.the last column of the table. 

From the dilatometric measurements represented by the graph 
figure 2, AV was found to be 0.0191 em°/g of rubber at 36.2°C. Fron 
these data the value of L for this sample is calculated to be 16.2jz 

Other observations in this laboratory have shown that this samp 
of stark rubber could undergo additional crystallization at lowe 
temperatures. The full heat of fusion should include the contrib 
tion of these additional crystals, which were observed to form at the 
lower temperatures. Therefore, we do not regard the value 
given as the full heat of fusion of crystalline rubber at 36.2° C. 4 
direct measurement [12] of the heat of fusion cf another a 
rubber melting over a range centered at about 11° C yielded 16. 
The corresponding value at 36.2° C might be expected to be larger 
than that at 11°C. The term AV and 7’ in the Clapeyron equal 
are both larger at the higher temperature, but a lack of data regal: 
ing the values of (dp)/(d7) at 1 bar for samples melting between | 
and 36.2° C prevents drawing a definite conclusion. In spite of le 
impossibility of making an exact calculation with the data availa 
the agreement in order of magnitude is quite satisfactory. 





Effect of Pressure on Melting of Rubber 


The rate of change of melting temperature with pressure is ob- 
orved to have the value of 0.037 degree centigrade per bar at the 
ywest pressures and to decrease with increasing pressure to a value 
about 0.024 degree centigrade per bar at 1,170 bars. The average 
lue over the range studied is 0.029 degree centigrade per bar. This 
considerably lower than the average value calculated from a single 
spservation of Dow [11], who found rubber crystallized at 0° C to 
elt at 77.5° C under a pressure of 1,270 kg/em*. From this obser- 
ation one may calculate a value of 0.052 degree centigrade per bar 
411° C is taken as the melting temperature at atmospheric pressure 
or rubber crystallized at 0° C [1]. 

The experimental observations for the present investigation were 
sade in the summer of 1940, but earlier publication was prevented 
y war activities, which also led to the abandonment of a more ex- 
ensive investigation that had been planned. 


G 





< 


TEMPERATURE, “¢ 


Relation between specific volume and temperature at atmospheric pressure 
for the sample of stark rubber, before and after melting. 
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FCOND DISSOCIATION CONSTANT OF o-PHTHALIC ACID 
AND RELATED pH VALUES OF PHTHALATE BUFFERS 
FROM 0° TO 60° C 

By Walter J. Hamer and S. F. Acree 


ABSTRACT 


Measurements were made of the potential difference between hydrogen elec- 
les and silver-silver-chloride electrodes in aqueous solutions of 72 different 
ithalate-chloride mixtures at 13 temperatures from 0° to 60° C. By described 
ntal and mathematical procedures, the second dissociation constant of 


riTy) 
eT lit 


phthalic acid and related thermodynamic quantities were evaluated, and pH 

ues were assigned to 217 solutions, including some containing no potassium 
ride. The addition of the chloride lowers the pH of the solutions principally 

cause of an inerease in the ionic strength. 

The second dissociation constant may be computed at each temperature by the 


log K,= —2175.83/T + 9.55095 — 0.025694 7, 
here T=t °C+ 273.16. 
The pH values of the solutions may be computed for ratios of dipotassium 
hthalate to acid potassium phthalate from 1 to 2, and for ionic strengths, yu, from 


to 0.5, by the equation 

> dipotassium phthalate - I~ 
log K,+log — ; —— 3Ayy/(1+3.76By yz) + 
pi log K2+log acid potassium phthalate 3Ayu/(1+3.76By yp) +B, 
which A and B are constants dependent upon the temperature, and £ is a 

nstant dependent upon the temperature, salt concentration, and buffer ratio. 

The addition of potassium chloride lowers the pH of the solutions in accordance 
the equation 





pH = (pH) e+ aimxci + am xe1+ asm xc, 
pH), is the value at any temperature for a solution containing no potassium 
ride and ay, a2, and a; are constants. 

These solutions with or without potassium chloride are useful as pH standards 
nm 4.87 to 5.72 and vary only slightly with changes in temperature. They 
eve good buffer capacity and may be readily prepared from pure materials. 
te NBS Standard Samples 84a and 84b of acid potassium phthalate or Standard 
mples of comparable purity are recommended for preparation of the solutions 
ether with earbonate-free potassium hydroxide of high grade and distilled 
tier of pH 6.7 to 7.3. 
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Method for the determination of the second dissociation constant of 
o-phthalie acid ‘ 
1. Approximate method 
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2. Electrodes and apparatus. -........------- ‘ pela a aleate 
ition of the second dissociation constant of o-phthalic acid_---_~ 
es of phthalate-chloride mixtures - - - - - ; 
rmodynamic quantities for the process: acid phthalate ion = hydro- 
nion + phthalate ion 
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I. INTRODUCTION 


Precision pH standards may be defined as buffer solutions whos 
compositions can be accurately reproduced and the pH values Acct. 
rately obtained by hydrogen- electrode measurements. The pH 
standards commonly used are prepared from a weak acid and i 
salt, such as acetic acid and sodium acetate, or by the ne sutralisatin 
of an acid with alkali. The ideal ones can be prepared direc tly from 
a single salt, preferably a salt that is easily purified and is neither 
hygroscopic nor deliquescent, such as acid potassium phthalate. This 
salt is now issued by the National Bureau of Standards for acidimetr 
work and may be used equally well as a pH standard. 

Mixtures of acid potassium phthalate with hydrochloric acid o 
with sodium hydroxide were included in a list of standards for hydrp. 
gen-ion determination prepared by Clark and Lubs [1] ‘in 1916. They 
determined the pH of the solutions by a galvanic cell comprised of j 
hydrogen electrode, a salt bridge of saturated potassium chloride, and 
a decinormal calomel half-cell. For many years after their measur. 
ments, the reproducibility of hydrogen electrodes in solutions of aci 
potassium phthalate was questioned. Many experimenters found 
drifting potentials with hydrogen electrodes. However, it has bee 
recently found that hydrogen electrodes prepared with palladiun 
function well and that precise values of the pH of phthalate solutions 
can be obtained with their use [2]. Clark and Lubs chose 0.3379 
for the potential of their calomel! half-cell at 20° C and assumed tha: 
the potentials at the junctions of the saturated potassium chlorid 
bridge with the phthalate solution and the 0.1-N potassium chlorid 
were zero. By this procedure, they obtained 3.974 for the pH of: 
0.05-M solution of acid potassium phthalate. However, the liquid 
junction potentials are not zero. For instance, the potential for the 
junction between 0.1-N and saturated potassium chloride is 0.001871 
at 25°C [3]. A value of 0.00251 v may be calculated by the Henderson 
equation [4] for the potential of the junction between saturated 
potassium chloride and 0.05-M acid potassium phthalate, if 50.5 8 
used for the mobility of the acid phthalate ion. These values with 
0.3337 v [3] for the potential of the 0.1-N calomel! half-cell excluding 
liquid-junction potentials give 0.3343 v for the value of the total 
calomel half-cell and bridge.. Many other values for this half-cel 
and, therefore, for the pH of 0.05-M acid potassium phthalate, have 
been suggested from time to time. 

The proble m of determining pH values from the emf of cells wt 
liquid junction becomes more  perple xing when it is realized that th 
potential of a liquid junction cannot be determined on a ys 
dynamic basis without assumptions regarding the magnitude of the 
activity coefficients of the individual ions involved at the liquc 
junction, and that the potential of a liquid junction depends upon t 
manner in which it is constructed. Clark and Lubs assumed that the 
hydrogen electrode gives a measure of hydrogen-ion concentratid), 


1 Figures in brackets indicate the literature references at the end of this paper, 
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whereas in reality it gives a measure of hydrogen-ion activity. In 
order to establish a pH scale on the basis of hydrogen-ion activity, 
Hitchcock and Taylor [5] and MacInnes, Belcher, and Shedlovsky 
i@| calibrated the calomel half-cell with solutions whose properties had 
been determined by cells without liquid junction.? The former obtained 
0.2441 v for the saturated calomel half-cell and the latter 0.3360 v for 
the decinormal calomel half-cell. With the use of these values, they 
calculated 4.008 and 4.000, respectively, for the pH of 0.05-M acid 
potassium phthalate at 25° C. Recently, Hamer and Acree [9] 
obtained a value 4.008 for this solution by an abbreviated method 
based upon the measurements of galvanic cells without liquid junction. 

A more precise method of approach to this problem is to make a 
comprehensive study of the thermodynamics of acid potassium 
phthalate or of mixtures of o-phthalic acid and potassium hydroxide. 
From the known equilibria of the two ionization steps in the dissocia- 
tion of o-phthalic acid, designated as H,Ph, and the concentration of 
the acid (a2) and added base (6), it may be shown that the hydrogen- 
jon concentration of acid potassium phthalate of any strength (a=0b 
in this ease) is given by eq 1: 


H*+[a- (Ki Suen) / (Saturn) JH? (AL Ko fapn)/(F 7a fen) JH - 
(aK, Ko fun) /(f*afen) =0, (1) 


on the reasonable assumption that the effects of hydrolysis are small. 
Therefore, in order to obtain the true value of the hydrogen-ion con- 
centration of acid potassium phthalate of any concentration, it is 
necessary to obtain precise values of the dissociation constants, Ky 
and K,, and of the activity coefficients, f, of the various ionic species.’ 

This paper gives the results of measurements of galvanic cells 
without liquid junctions and with hydrogen and silver—silver-chloride 
eectrodes for the determination of A, the related activity coeflicients, 
and the pH values of the solutions used in the determination of K. 
Measurements were made at 5-degree intervals from 0° to 60° C, 
iuclusive, in order to determine the pH values over this range of 
temperature and to determine several thermodynamic quantities for 
the process HPh~=H*++Ph*. By comparison of these quantities 
with similar ones for other and similar types of dissociation, a critical 
estimate may be made of the reliability of the values of A,. Deter- 
minations of Ky were made prior to K, because the low solubility of 
phthalic acid prevents an accurate evaluation of the ionic sizes 
und “‘salting-out”’ coefficients of phthalate ions. 


known that an exact differentiation between hydrogen-ion concentration and activity cannot be 
value of the activity coefficient of the hydrogen ion cannot be determined without some assump- 
cheoeck and Taylor, and MacInnes, Belcher, and Shedlovsky in their method obtain a quantity 
imates the value of the hydrogen-ion activity. In this paper the assumption is made that the 
ients of ions are given by the Hiickel equation and that the “‘salting-out”’ terms of the chloride 
ions are equal. See references [3, 7, 8] for discussions of assumptions used in connection with 
n Measurements of acidity. 

taper, the symbol f is used for the activity coefficient of an ion or molecule for any scale of con- 
In this work, molality is used as the concentration unit. The symbol y is often used for ac- 

ent 1 this scale of concentration 
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II. METHOD FOR THE DETERMINATION OF THE SEconp 
DISSOCIATION CONSTANT OF o-PHTHALIC ACIp 


1, APPROXIMATE METHOD‘ 


In the determination of the second dissociation constant of 0-phthalic 
acid by the electromotive-force method, measurements are made of 
the emf of the galvanic cell 


Pd, H,(g)|KHPh(m,), K;Ph(m,), KCl(m,)|AgCl(s)/Ag(s) 4 


for a series of solutions of different molalities, m,, m2, and ms, and of 
various buffer ratios, K,Ph/KHPh, wherein the hydrogen and silyer- 
silver-chloride electrodes are reversible, respectively, to hydrogen and 
chloride ions. The addition of the chloride is therefore a prerequisity 
for the use of silver-silver-chloride electrodes in such solutions, The 
calculations of the constant depend upon the equation® 


E= E°—(RT/F)\n(a@ade)) = E°—(RT/F)In dg—(RT/F)In (ferme), 


relating the emf of the cell, E, with the activities of the hydrogen and 
chloride ions, and upon the mass-action expression 


K2= (@n4pn) /Qupn= (du Son™rn)/(Surn™urn), d 


which defines the dynamic equilibrium between the ions for the proces 
HPh-=H*t+Ph". £E° is the potential of the silver-silver-chloride 
electrode for unit activity of hydrochloric acid; a, f, and m are the 
activity, activity coefficient, and molality of the ions denoted by 
subscripts; and R, 7, and F have their usual significance. In eq? 
and 3, E, E°, mpn, Mupn, M1, R, T, and F are known quantities, 
whereas dy and the activity coefficient terms (f) are unknown quat- 
tities. The former unknown may be eliminated by combining eq? 
and 3 to give 


[(E— E°) /(2.3026RT/F) +- log (m3sm,/m:)]+- 
log (fc: Surn/ fen) = — log K2=pK,, { 


upon substitution of m,, m2, and m3, respectively, for HPh-, Ph 
and Cl-. 

The last term on the left side of eq 4 is an unknown quantity. The 
values of the activity coefficients in this term give the magnitude of 
the deviations of the ions or molecules from the perfect state. If the 
ions in solution conformed to the laws of perfect solutes having wil 
activity coefficients, this term would be zerc. Only at whuite 
dilution do ions possess the characteristics of ideal solutes. Hence 
if values of the term in brackets for decreasing values of (m9%," 
are- plotted against the ionic strength, values of pK, are obtained by 


‘ A review of the development of the method and its 2 to a large number of a 


we 


given rf Harned and Owen [10]. Heretofore, a successful application of the method to dibas 
which the ratio of the second to the first dissociation constant is greater than 10-3 has not been 2 
Glasstone, Introduction to electrochemistry, p. 322, D. Van Nostrand Co., Inc., New York, N. } : 
and involves successive approximations, which are tedious. The ratio of the constants for o-pit auc *" 
is about 3X10-%, and hence the present paper presents the application of the method to a more invo™ 
system. For a review of earlier emf studies of the ionization of weak electrolytes, see references \'+) 

5 For simplicity, the ionic charges are omitted in the formulas and equations. 
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extrapolation to zero ionic strength. This extrapolation is usually 
jificult, owing to a marked curvature in the plots in the range of 
concentration accessible to experimental measurements [8]. However, 
this difficulty may be overcome by the use in eq 4 of the Debye- 
Hiickel equations [13, 14] for the activity coefficients of the ions. 
From theoretical considerations Debye and Hiickel obtained eq 5, 


—log f,=A2 Vu/(1+ Bayvu) + Bm, (5) 


for the activity coefficient of an ion in terms of the general constants 
4and B, the constants a, and 8 characteristic of the electrolyte 
under consideration, the ionic charge, 2;,, the ionic strength of the 
slution, u, expressed in moles of solute per liter of solution, and the 
concentration of ions (or salt). For the HPh~, Ph*, and Cl- ions, 
this equation gives 


—log furn=A Vu/(1 + Ba, Vu) + Burn™upn; (6) 
—log fon =4A Vu/(1+Ba,Vu) +Bpnmrn, (7) 
—log for=A Vu/(1+BayvVu) + Beimer. (8) 


Substitution of these expressions in eq 4 for the respective activity 
coefficients gives eq 9, 


(E—E°)/(2.3026RT/F) +log (mym,/m2) +2A V'u/(1+ Ba,yp) 
Bupnupn + BenMpn— Boimci= — log K,=pK2. (9) 


The term (— Burn ™ypn + BrnMprn— BciMc1) may be replaced by Bu. 
Justification of this may be shown as follows. If the properties of 
each ionic specie present in the mixture are additive functions of those 
of the individual ions composing the mixture, then 8pympr,— Barn ™arpn— 
Bcc, WOuld equal 1/2(8pn)uen—Barnturpn—Beitc: &S Mpn=2Mpn, 
lppp="upn, 2d poy=Mc}, aNd p=—wpnt+uppntuc: Now, if the ionic 
strength due to each ion is some fraction of the total ionic strength, 
bamely, upn= Pe, Mapn=Qu, and uo;=rp where Pp, g, and 7 are constants 
for a specified ratio of salts, we have 1/2(pBpn)u—(qBurpn)u— 
'Bc:)u=1/2(pBen—2¢Burn—27Bci)u=Bu. Hence the substitution of 
§u for the term (— Bypn?tupn+Benpn—BexMc,) is justified. With this 
substitution, eq 9 becomes 


((E—E°) /(2.3026 RT/F) +log (m3m,/m,) +2A Vu/(1+ Ba,yu)]+ 
¢ ( 


\ 


Su=—log K,=pk, 10 
pk. + Bu=pk, (10a) 


where pK; is used to designate the terms in the brackets of eq 10. 
Values of pK, are then obtained by extrapolation to infinite dilution 
of the values of pK; as a function of u. The negative of the slopes of 
these plots gives the values of 8 for the various ratios of salts used in 
the experiments. 

As values of p, g, and r are known for each ratio of salts, the values 
Of brn, Burn, and Boy may be determined from the observed values of 8 
as the ratio of salts is altered. It should be noted that when all three 
salts are kept in constant ratio, values of p, g, and r remain the same 

recommends the use of molality, or moles of solute per 1,000 g of solvent, in the Debye- 
rhis recommendation has been followed in this laboratory. 
670468S—45 -3 
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even if the concentration of each salt varies considerably. However 
values of p, q, and r vary if the ratio of only two salts is kept constant. 
Hence, it is simpler to use the molalities of each ionic species than 
values of p, g, and r in the calculations. When the molalities of eac 
ionic species are used, a series of simultaneous equations of the type 
(Brn pn — Barn Murn— 8ciM%c:= Bu) are obtained, from which the values 
Of Burn, Barn, and Bo, may be evaluated. In the present case the 
simultaneous equations were solved by the method of least squares. 

It is then possible by using these individual 8 values to calculate 
the pH values of the different solutions by means of eq 2 or the ex- 
panded form of eq 3, namely,’ 


(E—E®) (2.3026 RT/F) +log mce,—A vu/(1 + Bary) + Beimg,= 


—log dg=pH; (11) 
pK,—log (m,/m2)—3Ayu/( l + Bary) + Brxmen— Bars Mupr= 
—log dg= pH. (12) 


Frequently the hydrogen-ion concentration is also desired (see 
footnote 2). If it is assumed that 8,=—£8c,, the hydrogen-ion con- 
centration may be computed [16] from the emf by the equation 


(E—E?°)/(2.3026 RT/F) +log me,—2A ¥u/(1+ Bary u) +Berme:+ 
BuMmy = —log mg. (13) 


This equation is used in the calculation of mg, needed for the more 
rigorous evaluation of K, described below. 

In the above procedure, the terms involving 8 for the various ions 
were considered to be additive. This procedure may be justified as 
follows, from considerations of the activity coefficients of hydro- 
chloric acid in acid-salt mixtures. Giintelberg [17] and Harned [18] 
have shown that the activity coefficient of hydrochloric acid in acid- 
salt mixtures of a constant total molality is given by the relationship 


log (Safer) m txture= log (fufcr) pure—kim salty (14) 


where &; is a constant dependent upon the total molality of the mix- 
ture, and (fafcr)pure is that for the total molality of the mixture. 
For mixtures of hydrochloric acid and potassium chloride at 25°C 
k,=0.080 and 0.0624 for a total molality, respectively, of 0.1 and 
0.5. For aqueous solutions of pure hydrochloric acid, Harned and 
Ehlers [19] obtained the expression * (eq 15) for the activity coeffi- 
cient as a function of 


log (fafc1) pure= —Avp/(1+ Ba, p) +0.1334 (15) 
the molality at 25° C. Hence, for an ionic strength of 0.1, 


7 In the above treatment, a; is considered to be the same foreach ion. This constant has the dimensions o! 
reciprocal centimeters and represents the so-called closest distance of approach of the ions in solution. On 
the other hand, the value of a; could be considered an average of different values for the various ions. If this 
were the case, a different value of a; would be required in eq 9 for different buffer ratios. ‘The individual 
values of the closest distance of approach of each ion could then be determined by the method of simu!- 
taneous equations, using the relationship agus =a; -+-a2™M3-+a3m; or some other more complex function, where 
a, is the observed value for different buffer ratios and ai, as, and a3 represent, respectively, the closest distance 
of approach of the acid phthalate, phthalate, and chloride ions. It will be shown later in this paper that the 
same value of a; represents the experimental data for different buffer ratios, and therefore within the experi- 
mental accuracy a;=a;=4@;=4; in phthalate-chloride mixtures. 

* Harned and Ehlers in their paper used y for the activity coefficient of hydrochloric acid. The symbol 
f used in this paper refers to the same numerical values as they give in Lg Ae is now the ure 
in the National Bureau of Standards to employ the symbol f for activity ts on any and use 
the symbols /., fa, and f,, respectively, for concentrations expressed in moles per liter of solution, moles 
per 1,000 g of solvent, and in mole fractions. 
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log (fafor) mtxture= —AV¥u/(1+Ba,V x) +0.1334—0.080 men, (16) 
and for an ionic strength of 0.5, 


log (fafcr)misxture= — A Vu/(1+ Ba, Vu) +0.1334—0.0624 mean. (17) 


However, it has been found that the values of log (fafc1) mixture MAY 
be represented equally well for both ionic strengths by the single 


equation 
log (fu.for)mixture= — A Vu /(1+Bayyp) +0.0635 mg+0.0695me,, (18) 


with an accuracy of +0.0011 in the activity coefficient. Thus, the 
activity coefficients of hydrochloric acid in acid-salt mixtures may be 
calculated for different ionic strengths by an equation in which the 
terms involving 6 for H* and Cl- ions are considered to be additive. 
In this treatment the value of a, for acid-salt mixtures is about the 
same as for pure hydrochloric acid. Harned and Ehlers [19] obtained 
a value of 4.3 A. In all buffer mixtures studied by the method in 
which hydrogen and silver-silver-chloride electrodes are used, a, 
should therefore have a value very close to that of hydrochloric acid 
or 4.3. The value of 3.76 A found in this investigation is considered 
to be a close approximation. As the addition of potassium salts 
lowers the activity coefficients of hydrochloric acid, the value of a, 
for such mixtures could be somewhat lower than 4.3 A, and the value 
of 3.76 A obtained here is in accord with this fact. 


2. COMPLETE METHOD 


In the foregoing it was assumed that the buffer ratio, m,/m,, may 
be determined from the stoichiometrical molalities of acid potassium 
phthalate and dipotassium phthalate. However, owing to various 
ionic equilibria this is not strictly true and corrections must therefore 
be made accordingly. 

In a mixture of o-phthalic scid with its acid salt, or a mixture of 
the latter with the completely neutralized salt, the essential equilibria 
are 


H,Ph=H*t+HPh-, (19) 
HPh-=H*t+ Ph", (20) 

which upon subtraction give 
2HPh~=H,Ph+ Ph", (21) 


In each case, the ions and molecules are in dynamic equilibrium 
defined by the mass-action expressions. These give, respectively, for 
processes 19 and 21 


K,= (anf, BPh!pn) / (fu,pn™%x,rn); (22) 
and 


K,/K,= (Qpn@n pn) /Oiten= (font H,Pa™’pn pn) / (furn™xpn)’, (23) 


where the terms have the same significance as above. The expression 
for process 20 is given by eq 3. 
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As a result of these equilibria, in a solution composed of KHPh of 
molality of m, and of K,Ph of a molality of m, 


Maen =™, —My—2MyPn; 


as HPh~ is removed in process 20 to form H* ions and in process 2) 
to form H,Ph. Also 


Mpn=™M2+ My +Ma pn; (25) 


as HPh~ is removed in process 20 in an amount equivalent to H* 
ions and in process 21 in an amount equivalent to H,Ph. Conse. 

uently, the stoichiometrical molalities of KHPh and K,Ph will be 
altered and a quantity of H,Ph formed as a result of the above pro- 
cesses. However, if K,/K, is less than about 10~*, the tendency of 
reaction 21 to take place from left to right will be small and mz», 
can be neglected in eq 24 and 25, leaving only the corrections for 
My. ‘This was shown in a previous paper to be true for malonic acid 
for which K,/K;, is about 1.4X<10~* [8]. The values for mg are ob- 
tained from the emf by eq 13 given above. This entails the method 
of successive approximations as u=m,+3m,+m;+2m,". A prelim- 
inary value of mg is first obtained from the emf, by the use of the 
stoichiometrical ionic strength. This value of mg is then used to 
calculate a new ionic strength, and the process is repeated until self- 
consistent values of » and mg are obtained. Hence two equations, 
eq 13 and the equation .=m,+3m,+m;+ 2m, are used in the method 
of successive approximations. 

From data reported in the literature [20] for o-phthalic acid, K,/K, 


is about 3 10~* which exceeds the condition postulated for the neglect 
Of muzrn in eq 24 and 25. Therefore corrections for H,Ph, sometimes 
called “overlapping” corrections because H,Ph and HPh~ are titrated 
simultaneously, become neces even though they are small. They 
may be obtained as follows. If a equals the molality of the acid 
and 6 the molality of added alkali, then for any mixture of the two 


@= Maz pn + Mapn+ Mpn, (26) 
and for electrical neutrality 
b+ my=Mgpn +2 Mp. 
By means of these equations and eq 3 and 22 
Muy pn=[2 GM_—My (b+ my)]/[2 mu+ (Ki fazer) /(fnSurn)), (28) 


with the condition ® that eq 29, 
my? +[a+ (Ki Fugen) / (Sa Surn) mn? + (Ki Ky Suan) /(Sa Son) + 
(0K Sugrn)/ (Saturn) my (Ki fuser) /(SaSurn)] My + 


[(Ki Kofaorn)/ (Su? fen) ](6—2a)=0, (29) 


* The ionic strength actually is given by »=m:+3ms+ms+2ma+maypo, where value of mx,ps is given by 
eq 28. As values of mu,p» are so small, the term ma,p»n may be neglected in determining the ionic strength. 

%” This condition must be imposed. In the four eq 3, 22, 26 and 27 there are 5 unknowns, namely Xi, 
Ki, ™y,Pv, Mapa, and mp», provided ma is determined experimentally. Hence an unequivocal solution 's 
not possible without the introduction of a restriction or condition. uently, a solution of the equations 
is obtained in titration experiments by selecting 2 widely separated values for mg on the titration curve 
and substituting them in eq 29 and solving the two equations simultaneously for Ki and K;. This pro- 
cedure is the same as imposing a condition. 
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obtained by the elimination of mu,pn, Marx, aNd Mp, in eq 3, 22, 26, 
and 27 is satisfied for the solutions of any composition and concen- 
tration. However, solution of 28 required a knowledge of my 
the activity coefficients, K,, and K,. Values of mg can be obtained 
from the emf by eq 13 described above. Values of K, used first are 
those obtained by the ae method described above. A value 
of 1.3107 was used for K,[20]."" The Debye-Hiickel equations were 
employed to calculate the activity coefficients of the ions and the 
activity coefficient of H,Ph was taken equal to unity, as is customary. 
After values Of mpypn are calculated by use of eq 28 they are used in 
eq 24 and 25 to calculate new values of the molality for the HPh- 
and Ph" ions. These latter values are then used to calculate new 
values of Ky and this arithmetical procedure is repeated until self- 
consistent values of K, and my,» are obtained. 

The corrections for both mg and mg,p, become less significant as 
the ionic strength of the solutions increases. It was found that the 
total corrections, A, may be expressed as a function of the ionic strength 


by tl 7 
ies A=(o+dAvu)/p, (30) 


where w and \ are constants independent of the temperature. With 
these corrections eq 10, 11, and 12 become 


(E—E®) |(2.3026RT/F) +log (msm,/m2)— (w+ AV») /u+ 
2A Vu/(1+Ba,Vu)+Bu=pK;, (31) 


(E—E?)/(2.3026RT/F) +log me:—AYu/(1 + Bary») — 
(w+ Avu)/u+Bormei= pH, (32) 


and mn 
pKy—log (m,/m:)—3AV/(1+BayV¥u) + (w+ dV) /u+ 
Brn™pn— Burn Murr = PH, (33) 


by which precise values of pH and pK; (or K) can be computed. — 
Sometimes the 8 values are considered to be equal for all the ions 
involved, or 6;=6.=68;=8. Then eq 33 reduces to 


pK,—log (m/m:) —3AVu/(1+BagV¥u) + (w+ dVu)/u=pH, (34) 


containing no 8 term,” and is therefore different from the Henderson- 
Debye-Hiickel equation [21] generally used to express pH as a function 
of the ionic strength of the solution. In this case, the pH velue of 
the solution could be calculated solely from the values of pK, and the 
concentration of the buffer without regard to salt effects. In eq 34, 
—3AVu/(1+Ba,Vx) represents the value of log(fen/farn). However, 
the logarithm of the ratio of any two activity coefficients does not 
vary with the ionic strength in accordance solely with the first term of 
the Debye-Hiickel equation. Furthermore, differentiation of eq 34 
with respect to » or yy does not give a minimum in the plots of 


" The caleulations are insensitive to the value of K;. A value of 1.0x10- or 1.5x10- will yield substantially 
the same value of mu,pa- 

8 This equation has been shown to be applicable to buffers composed of disodium malonate, acid sodium 
malonate, and sodium chloride for which £ is zero [8]. When @ is zero, it is not possible to determine the 8 
values for the individual ions. 
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(pH vs ») or (pH vs yx), a result contrary to observed facts for the 
pH of several weak buffers [22] and of water in the presence of neutra| 
salts (23). Eq 34 also requires, for example, that a solution contain; 
0.1 M K,Ph, 0.1 M KHPh, and 0.1 M KCl would bave the same pH 
value as one composed of 0.07 M K,Ph, 0.07 M KHPh, and 0.22 
KCl, or of 0.02 M K,Ph, 0.02 M KHPh, and 0.42 M KCl, because 
of the identity in the ionie strength of these three solutions. [) 
short, no “specific salt effects’’ would be observed and the change in 
the pH of a solution upon addition of salts could be calculated solely 
by the theory of Debye and Hiickel. It is therefore necessary, iy 
order to explain observed results with phthalates, to use eq 33, which 
includes the 6 term. 


III. EXPERIMENTAL PROCEDURES 
1. MATERIALS AND SOLUTIONS 


The solutions used in this investigation were prepared in a CO,-free 
atmosphere from known weights of stock solutions containing acid 
— phthalate, dipotassium phthalate, and potassium chloride 

y dilution with known weights of conductivity water having a 
specific conductance of 0.6 to 1.0X10-* mho. The stock solutions 
were prepared by the addition of a calculated amount of dry acid 
potassium phthalate and dry potassium chloride to a standardized 
solution of potassium hydroxide, previously freed of carbonate by 
the addition dropwise of a saturated solution of barium hydroxide 
until no more precipitate of barium carbonate is formed. The 
potassium hydroxide solution was prepared from high-grade material, 
which exceeded the ACS specifications for analytical reagents. It 
was standardized against benzoic acid, National Bureau of Standards 
Standard Sample 39 e, in a CO,-free atmosphere by using phenolph- 
thalein solution as the indicator. Results of five titrations agreed 
to 0.02 percent. Acid potassium phthalate, NBS Standard Sample 
84a, having a certified purity of 100 percent determined by titra- 
tion, was dried according to the directions given in the Bureau 
certificate and was dowel to cool in a desiccator containing concen- 
trated sulfuric acid. The potassium chloride was _ recrystallized 
twice from conductivity water and then thrice from 95-percent ethanol 
to remove the last traces of bromide. It was dried for at least 10 
hours at 110° C and allowed to cool in a desiccator containing concen- 
trated sulfuric acid. After the solutions were prepared, they were 


deaerated by hydrogen gas, corrections being made for loss of water 
from the solutions. All weights were corrected to vacuum. In 
determining the amount of water lost during the deaeration, corrections 
were made for the volume of air in the flasks displaced by hydrogen 
gas by using the density of each gas. 
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2. ELECTRODES AND APPARATUS 


The hydrogen electrodes were platinum foil covered with palla- 
dium, according to the directions of Hamer and Acree [2]. Electrodes 
of this type do not catalyze the reduction of phthalates and they 
function reversibly for wel over 100 hours. 

Silver-silver-chloride electrodes of the thermal-electrolytic type 
were prepared from pure materials by the method described in a 
previous paper [7]. They were sufficiently aged to bring them to a 
stable state. 

The details of the apparatus employed in these studies, including 
the cells, bubble tubes, thermostat, and the emf recording instru- 
ments have been described by Hamer and Acree [7]. The cells and 
bubble tubes were filled under reduced pressure, the temperature of 
the thermostat was controlled within 0.01° C at all the temperatures, 
and the emf was measured with a calibrated potentiometer and with 
a galvanometer and a standard cell. The electromotive forces were 
corrected in the usual manner to 1 atmosphere of hydrogen pressure. 


IV. CALCULATION OF THE SECOND DISSOCIATION CON- 
STANT OF o-PHTHALIC ACID 


The electromotive forces obtained at 13 temperatures from 0° to 
60° C in 4 series of experiments on 4 different buffer ratios, K,Ph/- 
KHPh, designated as series A to D, are given in tables 1 to 4 for the 
different solutions whose compositions are defined in terms of the 
concentration of acid potassium phthalate given in column 2 and 
the buffer ratio given at the top of each table. Table 5 gives the 
electromotive forces recorded for the same temperature range for 
seven less complete series of measurements on seven other buffer 
ratios, designated as series E to K. A number of dilutions were made 
in series A to D, whereas only two dilutions were made in the other 
seven series. Hence, only the first four series were used for the deter- 
mination of pK, (or K,) and the last seven together with the first 
four were used to determine the 6 values of the various ions of the 
mixtures. In series A to D the solutions had a buffer ratio, respec- 
tively, of 1.0057, 1.5070, 2.0005, and 2.0223; and a chloride-acid 
phthalate ratio, KCl/KHPh, respectively, of 1.0014, 1.0035, 1.0006, 
and 0.1858. Measurements of the emf were made for two slightly 
different ratios (see footnotes of tables 1 and 2). In the other series 
of experiments, the buffer ratio ranged from approximately 1 to 2, 
but the chloride-acid phthalate ratio varied considerably from 
approximately 0.09 to 0.70. 
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TaBLe 1,—Electromotive forces of galvanic cells with hydrogen and silver—gijy,. 
chloride electrodes and containing mixtures of phthalates and chlorides 


Series A, Molality of dipotassium phthalate=1.0057X molality of acid potassium phthalate. Molajity . 
potassium chloride =1.0014Xmolality of acid potassium phthalate] Olality of 








Temperature in degrees centigrade 
Solution 
number 





10 15 20 














Solution 








eC 
0. 76444 
. 144 
74031 
. 7294 
71992 


71689 
. 71556 
. 5 . . 70622 
. 68503 , . . . 70582 
. 67455 . . : . 69437 


- 66469 ° . ’ . 68387 
- 65934 . ° . . 67795 
. 65101 - 65530 . ° . 66923 
- 64390 ‘ . 65233 ° . 66161 


- 63237 e ; ‘ 64917 
. 63057 ° . - 64287 64716 
: - 62917 - 63331 
- 60415 s ; - 61480 61865 
. 58672 . 58940 : - 59633 59985 


. 58358 . 58666 ‘ , - 59630 . 59972 


* Molality of dipotassium phthalate=1.0074X molality of acid potassium phthalate. Molality of potas- 
sium chloride = 1.0037 Xmolality of acid potassium phthalate. 
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~Bilter. TaBLE 2.—Electromotive forces of galvanic cells with hydrogen and silver—silver- 
chloride electrodes and containing mirtures of phthalates and chlorides 
Ola) ‘ 
ity of series B, Molality of dipotassium phthalate=1.5070Xmolality of acid potassium phthalate. Molality of 
potassium chloride = 1.0035 molality of acid potassium phthalate] 








Temperature in degrees centigrade 
Solution Molality 
number of KHPh 








| Moles of 
| solute per 
1,000 g of 
water 
0. 0004400 
. 0006264 ° . 71642 
. 0011836 . 69480 . 69987 
. 0018128 . . 68884 
. 0023519 ‘ . 68190 


. 0030064 , - 67546 
. 0034327 : . 67190 
. 0035250 | ‘ . 67113 
. 0048817 .6 . 66242 
. 0069713 . . 65263 


. 0087820 | r . 64643 
. 0088235 . . 64616 
. 0089534 | . . 64572 | 
. 013470 " . 63445 
. 017045 ‘ - 62782 | 





. 034937 . - 60767 ° . 61445 
. 051843 . . 59662 , - 60292 
. 071943 ‘ . 58761 . 59060 . 59355 
. 071886 . - 58761 . 50068 . 59360 























Temperature in degrees centigrade 
Solution 
number 








| ; 
40 45 50 55 60 


ia | a 0 v v e 0 
0.75433 | 0. 76084 0. 76651 0.77269 | 0.77910 0. 78576 0. 79240 
74464 | . 75049 ‘75649 76250 76874 77523 78149 
[72656 | 73210 7377 "74349 74942 "75560 76175 
"71981 2: "7307 "73650 "74246 74834 
71200 717 ‘72280 72839 73421 "74001 


. 69084 . 70490 - . 71535 . 720082 . 72651 . 73219 
. 69587 . 70087 | . . 71120 . 71659 . 72222 . 72782 
. 69511 . 70009 . 705: . 71038 . 7157 . 72137 72 

. 68549 | 69031 . 6952 . 70025 . 70546 . 71089 . 71631 
. 67482 . 67945 . 6842 . 68900 . 69401 . 69926 . 70461 


. 66785 . 67240 : - 68159 . 68648 . 69168 . 09668 
. 66761 . 67211 - 6767 - 68141 - 68629 - 69150 - 69659 
. 66724 . 67173 . 67 - 68101 . 68589 . 69109 . 69617 
. 65475 . 65901 ; . 66784 . 67248 . 67735 . 68226 
. 64756 - 65168 . - 66025 . 66474 . 66048 . 67403 


. 62524 62896 6 . 63674 64079 64511 . 64936 
61304 61650 ; ‘62372 62755 "63163 63561 
* 60307 " 60632 "6097: 61312 "61673 " 62058 "62427 
* 60309 | * 60636 } "61316 ‘61678 * 62065 62450 

| 























* Molality of dipotassium phthalate= 1.5139 molality of acid potassium phthalate. Molality of potas- 
sium chloride = 1.0056 X molality of acid potassium phthalate. 
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TABLE 3.—Electromotive forces of galvanic cells with hydrogen and silver—silpe. 
chloride electrodes and containing mixtures of phthalates and chlorides 


[Series C, Molality of dipotassium phthalate = 2.0005 Xmolality of acid potassium phthalate. Molality 
potassium chloride=1.0006Xmolality of acid potassium phthalate] ’ 








Temperature in degrees centigrade 
Solution | Molalit 
number | of KHP | 

| 10 








Moles of 
solute per 
1,000 ¢ of 

water 0 v 
0. 0012203 \ 0. 70554 0. 71085 | 

. 0026363 ‘ . 68518 . 69008 
. 0044644 ‘ . 67098 
. 0087742 ‘ . 65250 
. 010675 , . 64606 


. 016461 : . 63491 
. 022447 ‘ - 62621 
. 030548 : - 61755 
- 036014 - 60964 - 61296 
. 042177 - 60! - 60855 


- 054400 ° . 0161 . 60488 


























Temperature in degrees centigrade 
Solution 
number | | 


| 





45 50 





v 0 
0. 74993 0. 75595 
. 72656 . 73216 
. 71008 . 71537 
. 68860 . 69365 
. 68221 - 68716 


. 66826 . 67290 
. 65811 . 66267 
. 64800 . 65223 
. 64267 . 4698 
. 63756 - 4158 


. 62926 . 63334 7 64142 


























TABLE 4.—Electromotive forces of galvanic cells with hydrogen and silver—silver 
chloride electrodes and containing mixtures of phthalates and chlorides 


(Series D, Molality of dipotassium phthalate=2.0223xmolality of acid potassium phthalate. Molality of 
potassium chloride=0.1858 X molality of acid potassium phthalate} 








Temperature in degrees centigrade 
Solution Molalit 
number of KHP 





10 15 





Moles of 
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Taste 4.—Electomotive forces of galvanic cells with hydrogen and silver—silver— 


Silver. chloride electrodes and containing mizture of phthaiates and chlorides—Con. 








ality 


Temperature in degrees centigrade 
Solution 


number | 
30 35 40 





45 50 55 








0 

0. 71011 
. 69397 
- 69221 


68516 | 
. 67558 | 


. 67510 


. 66818 | 


:' 
0. 71535 
. $9892 | 
. 69711 | 
. 68980 | 
. 68012 | 
. 67965 | 
. 67255 


? 

0. 72064 
. 70396 
. 70194 
. 69481 
. 68470 
- 68425 


o 
0. 72606 | 
- 70905 
. 70690 
. 69969 
- 68953 | 
- 68897 | 


0 

0. 73190 
. 71454 
. 71264 
- 70506 
. 69467 


67510 | 68168 | 





Taste 5.—Electromotive forces of galvanic cells with hydrogen and silver—silver- 
chloride electrodes and containing mixtures of phthalates and chlorides 








Molality | 
of KCI 
Molality 
of KHPh 


Molality | 
of KsPh | 
Molality 
of KHPh 


Temperature in degrees centigrade 
Molality : ' x ; 
of KHPh 


Moles of 
solute per 
1,000 ¢ of 


.| 0. 
..-| . 58982 


water 


0. 055730 | 


10803 
053194 


. 10803 


075592 


10803 
036174 


. 071886 
. 024728 
. 071886 


054840 


. 071886 
. 026688 
. 053814 


. 0074 
0074 

. 0074 
0074 
0074 | 


0074 
5139 
. 5139 
5139 | 
. 5139 | 


. 5139 | 
. 5139 
0223 

2. 0223 | 


0. 6479 
. 479 
2777 

. 2777 


09257 


. 09257 | 


. 6956 
. 6056 
. 4143 
. 4143 


. 1392 
1392 
5575 

. 5575 





59356 
57556 
. 61530 
. 59613 
. 63196 


. 62230 

. 61234 

. 59378 | 
63525 

. 59620 


63952 
. 63219 
63214 
. 61319 


c 
0. 59672 | 


. 57831 


. 61879 | 


- 59920 
- 63563 


. 62590 
. 61586 


. 59685 | 


. 63917 
. 60954 


. 64349 
. 63604 
. 63505 
. 61661 


c 
0. 59989 
. 58108 
62243 

. 60242 

| 
. 62957 
61946 
. 60006 
64380 
61296 


| . 63959 | 


. 64757 | 


. 63997 
. 63992 


62014 | 


r 
0. 60312 | 
58388 
62610 
. 60561 
. 64237 


63325 | 
62304 
60321 

. 64724 

. 61636 


. 65143 
. 64383 
. 64388 

62371 





Temperature in degrees centigrade 


v 
0. 60644 
. 58678 
. 62080 
. GOR91 
. 64742 


. 63705 
. 62660 
. 60641 
. 65184 
. 61990 
. 65569 
64774 
64790 
62731 





0 j e 
60087 | 0.61329 | 


. 63360 


61230 


- 65153 


. 64197 
- 63048 
. 60979 
. 65561 
- 62350 


- 65095 
- 65196 
- 65202 
- 63103 


i 
| 
| 
| 


' 


| 


. 59284 
. 63747 
. 61574 
. 65565 


. 64489 
. 63428 
- 61319 
. 65986 

62713 


. 66422 
- 65604 
- 65619 
. 6347 





} 


40 


s 

6. 62047 
. 59914 
. 64544 | 
. 62288 | 
. 66422 


' 
65288 | 
64218 | 
62021 
* 66870 | 
63462 | 


- 67305 | 
. 66450 
. 66484 | 
. 64255 


45 


0 
0. 62408 
. 60231 


. 64940 | 


. 62643 
. 66849 


. 65697 
- 64614 
- 62377 
. 67311 
. 63846 


. 67748 
- 66888 
- 66018 
- 64652 


50 





r 
0. 62795 
. 60587 

. 65375 

. 63025 
67306 


. 66132 
. 650387 
. 62751 
. 67780 
. 64258 


| 


- 68222 | 


. 67343 
. 67379 
1 65062 


c 
0. 63207 | 
. 60950 
. 65831 
. 63434 
. 67784 


: 66587 | 
65491 
. 63098 | 
- 68279 
- 64680 | 


. 68716 
. 67818 
- 67866 
- 65501 


61313 
66285 
. 63840 
- 68259 


. 67039 
- 66031 
. 63556 
. 68775 
. 65110 


. 69204 
. 68291 
- 68345 
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The emf was used in eq 9 and 31 to calculate pK, by the use of 
data for E° determined by Harned and Ehlers [19] and values of 
R, T, and F given by Hamer, Burton and Acree [8]. It was found 
that a, must xe a value of 3.76+0.07A at all the tempers. 
tures in order for pK, to vary linearly with the ionic strength. |) 
figure 1, values of pK, for the more dilute solutions are show 
plotted against the ionic strength for series A to C at 25° C. The 
dotted line vorresponds to the values of pK; calculated on the basis 
of stoichiometrical molalities alone (eq 9), and the solid line to values 
corrected for the various processes depicted above, that is, for the 
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_ ->~—-— so 
ee 
540 al 
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0 0.02 0.04 0.06 0.08 
IONIG STRENGTH — LL 
Ficure 1.—Plots of pK; as a function of the ionic strength for dilute solutions of 
phthalate-chloride miztures. 


Dotted line corresponds to stoichiometrical molalities. Solid line 
and C refer to the series of experiments designated by t 


same letters. 


mds to ionic molalities. A, 5, 


hydrogen-ion and o-phthalic acid (or overlapping) corrections (eq 30). 


hese corrections become less as 


e buffer ratio becomes larger, or 





the higher the pH of the solution is from that corresponding to the 
first equivalence point, as is indicated in the graph. These correc- 
tions vary with the ionic strength, becoming less as the ionic strength 
increases, and may be computed for the 13 temperatures by eq 3 
given above. Numerical values of these constants are given iD 
table 6 for the various buffer and chloride ratios. In figure 2, values 
of pK}, calculated by eq 31 with a value of 3.76 A for a,, are shown 








use of 
lues of 
found 
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shown 
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plotted against the ionic strength for series A to D at temperatures 
of 0°, 25°, 45°, and 60° C, Plots for the other temperatures are 
similar. The slopes of the lines give the magnitudes of the constant— 
of eq 31, and the extrapolated value at zero ionic strength gives the 
value of pK, free of disturbing effects of the salts, the medium, or 
ionic association. Any value of a,, different from 3.76 A, would 
give a curved line; neglect of the last term on the left side of eq 31 
would give much lower values of pK, which when plotted against 
the ionic strength would give a very marked curvature, concave to 








pK 

















oe ys on O+0.1 my 
| l l l 
3455 01 02 o3 04 05 


IONIC STRENGTH yl 


Ficure 2.—Extrapolation plots of pK, against the ionic strength. 
A, B, C, and D refer to the series of experiments designated by the same letters. 


the axis of the abscissa; and the use of a value of zero for a, (Debye- 
Hiickel limiting law) would give much higher values of pK’;, which 
when plotted against the ionic strength would give a curve convex 
to the axis of the abscissa.“ In figure 3, values of pK;, calculated 
by eq 31 with an a, value of 3.76 A, are shown plotted as ordinates 
against the ionic strength as abscissas for the other buffer and chloride 
ratios at 25° C. Graphs for the other pe ge soe are similar to 
these plots. The negative of the slopes of the lines again gives the 


4 See references (7, 8, and 24) for more details concerning the proper choice of values for a;. 
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magnitude of the constant 8 of eq 31. Numerical values of 6 are 
given in table 7 for the different temperatures and various buffer 
and chloride ratios. The 6 values are a function of the buffer and | 
chloride ratios, being higher for larger buffer ratios and lower chloride | 
ratios. The 6 values in all cases decrease with respect to tempera- | 
ture. The data given in the table are smooth values, which were | 
read from a large-scale plot of 8 against temperature and buffer and 

chloride ratios and are accurate on the average to 0.004 unit. It 


5450;— : 


| 
] 
5440 y =) ‘ 





5435— | 
















5430 al 
pk, 

5425 and 

5420 a 
| 

5415 = 

5410 7 

- | l 








0 0.1 a2 03 04 05 
1ONIC ~=STRENGTH — 


Ficure 3.—Plots of pK, against the ionic strength of phthalate-chloride mixtures, 
for a temperature of 25° C. 
Dotted lines correspond to values of pK’; for series A, B, C, and D shown plotted in figure 2. 


1, KsPh=1.0074X KHPh and KCl=0.6479x KHPh (series E) 
2, KsPh=1.0074X KH Ph and KCl=0.2777xX KHPh (series F) 
3, KsaPh=1.0074X KHPh and KCl=0.09257x KHPh (series G) 
4, K*Ph=1.5139X KHPh and KCl=0,6056X KH Ph (series H) 
5, K?Ph=1.5139X KH Ph and KCl=0.4143 x KH Ph (series I) 
6, K?Ph=1.5139X KH Ph and KC]=0.1392X KH Ph (series J) 
7, K*Ph=2.0223X KH Ph and KC]=0.5575X KH Ph (series K) 


may be assumed that the values of 8 are independent of the ionic 
1 aotye in the solutions or that they apply to each ion, which would 
then concentrate all the effects of the salts, medium, or ionic associa- 
tions at finite concentrations on the activity coefficient of the hydro- 
gen ion and would lead to eq 34, given above. However, it has 








8 are 
buffer 
r and 
loride 
ipera- 
Were 
r and 
It 
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been shown that this equation is inadequate. Therefore, the 6 
values were considered to be dependent upon the kind and smount 
of the ionic species present in the solutions and to be given by 
—BoiMc1— Burn ™upn+ BrnMpn) |p for each buffer and chloride ratio. 
By using the 8 values for each of the 11 ratios studied in 11 simul- 
taneous equations, Bc:, Bapn, and Bp, were evaluated by the method 
of least squares for each of the 13 temperatures.“ The values are 
given in the last three rows of table 7. These values make possible 
the calculation of the values of pK; and pH for any buffer ratio 
between 1 and 2 and for any chloride ratio from 0 to 1. It should 
be emphasized here that the values of Burn, Boi, and Bp, are least- 
squared values. Values of these constants determined by solving 
any three simultaneous equations may show wide variations from 
the values obtained by the method of least squares and given in table 7. 
The values of 8p, are much higher than the values of the other two, 
owing to its bivalent charge, and decrease with temperature whereas 
the other two increase. 


TaBLE 6.—Numerical values of w and X for use in equation 30 for calculations of 
hydrogen-ton and overlapping corrections necessary in the determination of pK, 


and pH 








| | 
Ratio Ratio } 
K:Ph/KHPh | KCVKHPh | *X!* | >AX1® | 
| —'-—-— ———_ 
1. 0057 1.0014 15 ll | 
1. 0074 1. 0037 15 11 | 
1. 0074 0. 6480 14 il 
1. 0074 277 12 1! 
1. 0074 . 09257 TF 
1, 0074 . 0000 ul | li 
| | | } 
1.5070 1. 0035 10 | 9 
1. 5139 | 1. 0056 10 9 
1. 5139 0. 6955 9 | 9 
1. 5139 . 4143 8 9 
1. 5139 | . 1392 7 9 
1. 5139 . 0000 6 9 
2. 0005 | 1. 0006 | 5 | 8.5 | 
2. 022% "5575 3.5 8.5 | 
2. 0223 . 1858 2 8.5 
2. 0223 | . 0000 1.2 8.5 
1.00 1. 00 15 | 11 
1. 50 1.00 10 9 
2. 00 1.00 5 8.5 
1.00 0. 00 | 11 ll 
1,50 .00 6 | 9 
2.00 00 1.2 8.5 





‘See Kilpatrick [25] and Hitchcock [26] for a discussion of this subject. See also Morton [27] for a dis- 


ssion of salt effects and Scatchard [15] for a treatment of concentrated solutions. 
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TABLE 7.—Numerical values of the constant 8 in the Debye-Hiickel equation ft, 
activity coefficients for various mixtures of acid potassium phthalate, dipotassi 
phthalate, and potassium chloride 








Series Temperature in degrees centigrade 
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Ionic | 
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cies * 
Ph=_.| —.42 | —.41 | —.41 | —.40 | —.30 | —.38 | —.37 | —.36 | —.35 | -. —.33 | =.32 
"002} —.006| —. 011) —.015) —.018) —. —. 026) —.020) —. 033] —. —.040) —. 041) - 
082 —. 086) —. 000) —- 004 —. 099) =:10 | =, 98 | —. 22 -.12 | =, =-.18 | —.18 
































* Ph =, HPh -, and Cl ~ denote the diphthalate, acid phthalate, and chloride ions, respectively. 


Values of pK, were then determined for the series of experiments 
A to D, the corresponding values of 8 being used. ‘They are shown in 
figure 4 plotted as a function of the ionic strength. This figure is in 
reality a deviation plot. The average value of pK; with the mean 
deviation for each series is given in table 8. The average value ofthe 
four determinations with the total mean deviation is given in column 
6 for each temperature. The deviations range from 0.0004 to 0.0011, 
which correspond to 0.02 to 0.07 mv in the emf. Values of the second 
dissociation constant of o-phthalic acid are given in the last column 
of this table. 


TaBLe 8.—Summary of numerical values of pK, and K;, calculated from measure 
ments of four different buffer ratios at temperatures of 0° to 60° C 
| Ky 10¢ 








Series B § Average 
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| 3. 606 
| 3.820 
3. 894 
3. 934 
3. 937 
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40°, 50°, and 60° Bes a function of the tonic strength. 
This plot represents a deviation plot. 








(The symbols represent the same series of experiments given in figure 2.) 
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In table 9, the values of K, are compared with those obtained by 
other investigators at 18°, 20°, and 25°C. A critical comparison is po; 
possible as previous investigations were limited to a single temperatyy, 
and involved a number of uncertainties. 


TABLE 9.—Numerical values of the second ionization constant of orthophthalic , 
obtained by different workers at 18°, 20° and 25° C 





Observer and reference | Method 


1898 “s x" Smith, Z. physik. Chem. [B] 25, 193 | Sucrose inversion 
| 
pou gE. E c handler, J. Am. Chem. Soc. 30, 694 | Partition 


( ' 
1908 | E. E. Ghandler, J. Am. Chem. Soc. 30, 694 | Conductivity 
(1908). | 
1915 | A. ‘*. Datta and N. Dhar, J. Chem. Soc. 107, | CO; absorption 
824 (19 | 
1924 E Aummy Z. anorg. allzem, Chem. 140, 292 | Potentiometric titration 
(1924) 
1925 | M. Mizutani, Z. physik, Chem. [B] 118, 318 |_....do-. 
| (1925) 
1928 | R. Kuhn and A. Wasserman, Helv. Chim. | emf quinhydrone electrode 
| Acta if, 44 (1928) } 
1928 | C. Morton, J. Chem. Soc. 1406 (1928) | Potentiometric titration 
1935 | W. R. Maxweil and J. R. Partington, Trans. |.....do 
| Faraday Soc. 31, 922 (1935) 
1945 | Present investigation. " _..| Galvanic cells without liquid 
junction. 





falue calculated by eq 38. 


In figure 5, the values of pK, are shown as open circles and plotted 
with respect to the temperature in degrees centigrade. The curs 
approximates that of a parabola and passes through a& minimum a 
about 18°C. Harned and Embree [28}], from a critical survey of th 
variation of ionization constants of weak electrolytes with tempera- 
ture, found that the variation could be expressed by the parabolic e 


pK.=pKamt+5 X10 (t—8@)?, (35 


where pKam is the minimum value of pK at the temperature of th: 
minimum, 6. This equation was later generalized by Harned and 
Hamer [29] to give 


pK,=pKain +-k(t—é)?, (36 


where k is a constant characteristic of the acid or base. For example 
k is 8X 107 for the bisulfate ion [16] and 6.4 10~ for the bimalonate 
ion [8]. It was found that eq 35 only approximately reproduces the 
experimental values, the mean deviation being 0.014, which greatly 
exceeds the experimental error. Equation 36, with ‘pKmin= 5.4049 
k=8X10~°, and 6=18.5, reproduces the experimental data very wel! 
except at 60° C, where a deviation of 0.0014 is found. An equation 
expressing the relation between pK, and the temperature may b 
obtained from eq 31. Both the emf obtained in this investigatio 
and £° obtained by Harned and Ehlers vary quadratically with the 
temperature, and can be expressed by an equation of the form 
(E—E°=a-+bt+ct*). Therefore, 


K,=A*/T+ B+ CT, 
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FieurE 5.-—Plots of the values of pK, against the temperature in degrees centigrade 
open circles) and of —R in Ky against the reciprocal of the absolute temperature 
lark circles). 


The latter plot may be used to evaluate the heat of dissociation of the acid-phthalate ion. 


as log Mc, log Mypn, log Mp, w and A do not vary with respect to 
temperature and 2Ayyu/(1+Ba,/,z) is equal to zero at infinite dilu- 
tion for which pK, applies. A*, B, and C differ from a, 6, and c by the 
factor 2.3026 RT/F. This is the equation proposed by Harned and 
Robinson [30] for those acids and bases for which w and X are negli- 
gible. The constants of this equation were obtained by the method of 
least squares and the use of the average values of pK, given in table 8. 
The values of pK, are given with a mean deviation of 0.0008 by the 
equation 


pK,=2175.83/T—9.55075+0.025694 7, (38) 
where T7=t °C+ 273.16. 


V. pH VALUES OF PHTHALATE-CHLORIDE SOLUTIONS 


The pH value of each solution of the four main series of experiments 
and of the seven less complete series used in the evaluation of K, may 
be computed either by eq 32 or 33 by using 3.76 A for a,, the values 
of w and \ given in table 6 and the values of 8 given in table 7. For 
synthetic solutions, eq 33 is preferable for the calculation of the pH 
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values in that no knowledge of the emf is required. Instead of cop. 

puting the pH values of these solutions of uneven concentration, th, 

pH values of solutions of even or rounded concentrations were ¢q). 

culated by using the proper values of w, A, and 8. In tables 10, 1) 

and 12 the pH values are given for solutions whose compositions ap. 
proximate those of series A, B, and C and in part II for the same soly. 
tions without potassium chloride. The pH values range from 4.263 
to 5.439, from 5.061 to 5.600, and from 5.204 to 5.713, respectively 

for series A, B, and C and are precise to 0.003 pH unit. The tempera. 
ture of the minimum pH value shifts from about 18° to about 25° ¢ 
as the concentration of the buffer solution increases. The data of 
part I and part II differ more for the concentrated than for the dilute 
solutions because of a greater difference in the ionic strength of the 
solutions. The data given in part I are shown plotted against the 
temperature in figures 6, 7, a 8. The variation of the pH values 
with temperature are similar for the three series. The data for the 
different concentrations are separated by amounts that are nearly 
independent of the temperature. The difference between the pH 
values of the solutions at 0° and 60° C is less than 0.1 unit for all 
concentrations and for the three series, which fact enhances their use 
as pH standards. Plots of the data of part II with respect to ten- 
perature are similar to those for part I. 


TaBLeE 10.—pH values of aqueous solutions of acid potassium phthalate, dipotassiun 
phthalate and potassium chloride from O° to 60° C for rounded concentrations 





Series A, part 1. mx,rb=™xuPh=™xci 








Molality of acid | Temperature in degrees centigrade 
potassium 
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r,pLE 11.—pH values of aqueous solutions of acid potassium phthalate, dipotassium 








phthalate and potassium chloride from 0° to 60° C for rounded concentrations 
Series B, part 1. mx Po= 1.5 Meupn = 1.5 MKC! 


oe of oail Temperature in degrees centigrade 
otassium | — ] | = 


ate 15 20 | 2 30 | 35 
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| | 


063! 5. 061) 
. 102) 5. 101) 

. 129) 5. 128 

. 214) 5.215) ! 

. 204) 5. 204) 5. : 
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| 
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| 
| 
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110} 5.091) 5.078) 5.069) 5 

. 147) 5.129) 5.117) 5. 107) 5. 
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5. 255) 5.237) 5.226) 5.219) 5. 
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laBLeE 12.—pH values of aqueous solutions of acid potassium phthalate, dipotassium 


phthalate and potassium chloride from 0° to 60° C for rounded concentrations 








Series C, partl. mx,pn=2.0 Mxupp= 2.0 Mxc1 
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Fiaure 6.—Plots of the pH values of phthalate-chloride solutions whose compositions 
correspond to those of series A against the temperature in degrees centigrad: 


A, 0.001 M KHPh; B, 0.002 M KHPh; C, 0.003 M KHPh; D, 0.005 44 KHPh; E, 0.007 M KHPh; F, ( 
M EKHPh; G, 0.02 M KHPh; H, 0.08 M KHPh; J, 0.05 M KHPh; J, 0.07 M KHPh; K, 0.10 M KHP! 
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Ficure 8.—Plots of the pH values of phthalate-chloride solutions whose composition 
correspond to those of series C against the temperature in degreees centigrade. 


A, 0,001 M KHPh; B, 0.002 M KHPh; C, 0.003 M KHPh; D, 0.004 M KHPh; E, 0.005 MKHPh,; F, 
M EKHPh; G, 0.02 M KHPh; H, 0.03 M KHPh; I, 0.04 1 KHPh’ J, 0.05 M KHPh 
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In table 13, the pH values at 25° C are given for solutions of differ- 
ont buffer ratios containing various amounts of potassium chloride. 
The data are shown plotted against the molality of potassium chloride 
n figures 9, 10, and 11. The addition of potassium chloride has a 
similar effect on the pH values for the three different buffer ratios and 
is more marked for dilute than for concentrated solutions. The pH 
of these solutions may be computed as a function of the molality of 
potassium chloride by the equation. 


pH = (pH)o+ Mxo1+ eM Koi + asm Kc), (39) 


where (pH) is the pH of a solution containing no potassium chloride 
and a, @, and a; are constants whose numerical values are eer 
independent of the temperature. Numerical values of (pH) , a, as, 
and as are given in table 14. Values of the pH for any intermediate 
buffer ratio, concentration of acid potassium phthalate, or concen- 
tration of potassium chloride may be obtained conveniently by 
interpolation of the data of table 14. 


TaBLE 13.—pH values of aqueous solutions of acid potassium phthalate and dipotas. 
sium phthalate containing various amounts of potassium chloride at 25° C 








Series A. Molality of dipotassium phthalate = molality of acid potassium phthalate 








Molality of acid potassim phthalate 


| | ' j 
0.10 0.07 | 0.05 0.08 0.02 | 0.01 | 0.007 0.005 | 0.003 0.002 0.001 


Molality of potas- 
sium chloride 








- 
Moles of solute per | 
100 9 of water | 





| 














ee con | 4.809 | 4.927 | 4.956 | 4.990 | 5.021 | 5.031 | 5.040 | 5.048 | 5.052 | 5.056 
s 4.884 | 4.920 | 4.955 | 5.002 | 5.034 | 5.078 | 5.093 | 5. 106 | 5.118 | 5.126 | 5.132 
2 4.805 | 4.934 | 4.973 | 5.029 | 5.068 | 5.125 | 5.147 | 5.166 | 5.185 | 5.197 | 5. 208 
4.809 | 4.939 | 4.990 | 5.039 | 5.081 | 5.144 | 5.170 | 5.192 | 5. 219| 5.235 | 5. 252 
WERE meen 4.902 | 4.945 | 4.987 | 5.049 | 5.006 | 5.168 | 5.199 | 5.228 | 5.265 | 5.201 | 5.326 





Series B. Molality of dipotassium phthalate=1.5xmolality of acid potassium phthalate 






































Molality of acid potassium phthalate 
Molality of potas- oe 
sium chloride | | 
0.07 | 0.05 | 0.06 | 0.02 | 0.01 | 0.008 | 0.005 | 0.004 | 0.002 | 0.001 
| | 
Moles of solute per 
000 9 of water | 
ae 5.051 | 5.079 | 5.098 | 5.149/ 5.185 | 5.198] 5.200] 5.213] 5.225| 5.231 
....| 5.068; 5.101 5. 123 5. 186 5. 236 5. 249 5. 271 5. 278 5. 296 5. 307 
_.| 5.079| 5.115} 5.140] 5.215| 5.277] 5.204] 5.325} 5.336) 5.364 5. 382 
sittin | 5.082; 5.120 5.147 5. 225 5, 204 5. 313 5. 349 5. 362 5. 398 5.420 
D.2.00aigiegeieniienal 5.086 | 5.126 5. 153 5. 236 5. 312 5. 334 5.378 5. 396 5. 445 5. 485 
| | i 





Series C. Molality of dipotassium phthalate =2.0Xmolality of acid potassium phthalate 





Molality of acid potassium phthalate 





Molality of potas- | 
um chloride 
| 
| 
| 





YT Tea Pyeng 
0.05 | 004 | O03 | 0.02 | 0.01 | 0.005 | 0.004 | 0.003 | 0.002 | 0. 001 


: 








| 
Moles of solute per 








1,000 9 of water | | 
| | | 
saemeinidin | 5.186 | 5.204/ 5.228] 5.258] 5.200/ 5.322] 5.333] 5.340] 5.347 5. 354 
ocaunpintind 5.204 | 5.225| 5.254] 5.202] 5.346 | 5. 379 5.395 | 5.405 | 5.417 5. 429 
ecccccce | 5.216} 5240] 5.271] 5.316 5.382 | 5.426) 5.449 | 5.464) 5.482 5. 5302 
anne 5.220} 5.245 | 5.278 | 5.324/] 5.396 | 5. 446 5. 472 | 5.490 | 5.513 5. 539 
x 5.225 | 5.250 | 5.285 | 5.334) 5.412) 5.481) 5.501 5. 524 | 5. 554 5. 596 
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TABLE 14.— Values of the constants PE )ecnay and a; in the equation pH = pH 
@;Mxcit+ a2m xo. +aym'xct which gives the pH of phthalate solution; , 
function of the molality of potassium chloride 











| Series A, Molality of dipotassium phthalate = molality of 
acid potassium phthalate 

| 

| 





Molality of acid | | 


| 

potassium (pH)e 
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Series C, Molality of dipotassium phthalate=2.0Xmolality of 
acid potassium phthalate 





5. 596 . 75. 53 
5. 554 . 432 44. 23 
5. 524 3. 31. 62 
5. 501 3. | 23. 97 
5. 481 , 19. 01 
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5.3 . 3. 61 
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MOLALITY OF KCI 
hiovre 9.—Plots of the pH values of solutions containing dipotassium phthalate and 
iid potassium phthalate in unit ratio at 25° C as a function of the molality of 
lassium chloride. 


ves reading from the top correspond to 0.001, 0.002, 0.003, 0.005, 0.007, 0.01, 0.02, 0.03, 0.05, 0.07, and 
0.10 molal acid potassium phthalate. 
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Fieure 10.—Plots of the ae values of solutions containing dipotassium phthalate 


and acid potassium phthalate in the ratio of 1.5 at 25° C as a function of te 
molality of potassium chloride. 


The curves reading from the top correspond to 0.001, 0.002, 0.004, 0.005, 0.01, 0.02, 0.04, 0.05, and 0.07 
acid potassium phthalate. 
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FicurE 11.—Plots of the pH values of solutions containing dipotassium phthalate 
- and acid potassium phthalate in a ratio of 2 at 26° C as a function of the molality 
“y of potassium chloride. 


Me 
The curves reading from the top correspond to 0.001, 0.002, 0.003, 0.004, 0.005, 0.01, 0.02, 0.03, 0.04, and 0.05 
molal acid potassium phthalate. 














414 Journal of Research of the National Bureau of Standards 


Each solution may be used as a standard for pH. It is propoy 
that they be prepared from the NBS Standard Sample 84a, of ame ' 
potassium phthalate, carbonate-free potassium hydroxide, 
potassium chloride which meet the specifications of the America 








Chemical Society, and distilled water of pH 6.7 to 7.3 having pers 
specific conductance of not over 1.0X10-* mho. The solutions n , = 
be used to calibrate various types of pH equipment, such as the glas °C 
electrode calomel half-cell assembly. ; 
10 
VI. THERMODYNAMIC QUANTITIES FOR THE PROCES » 
ACID PHTHALATE ION = HYDROGEN ION + PHTHA 30 
LATE ION 4 
45 
Thermodynamic quantities for the process HPh~-=H*-+ Ph cay . 
be computed from the equations of Harned and Robinson. Thg 60 
change in free energy, AF°; in heat content, AH°; in entropy, ASm - 
and in heat capacity, AC,°; for the dissociation of 1 mole of sah 
for the standard state are given respectively in international jou! The 
by the equations — 
pe 











AF°=—RT in K,=2.3026 R(A*+BT+CT®, 
=41,647.2—182.81017+-0.49187", (40 


AS° = — (dAF° /dT) =2.3026 R(—B—2CT),=182.81—0.98367T (4) 
AH° =AF°+ TAS° =2,3026 R(A*— CT?) ,=41,647.2—0.49187", (42) 


AC,°= (dAH?/dT) =2.3026 R(—2CT),=—0.9836T, (43) 


where A*, B, and C are the same constants as in eq 37. These quant 
tities were calculated in terms of the international joule by using : 


AC; a 
alori 
by the 
Unfor 
heat ¢ 
of the 


sons I 


- : - : for OX 
value of 8.3127 int. } deg™ mole ~ for # [31] and are given in table lig.) ¢j 
They were also calculated in terms of a defined calorie, 1 cal being .<ti, 

- t 


taken equal to 4.1833 int. j, in accordance with the recommendation; 
of the International Union of Chemistry [32,33]. These are listed kivelt 
in table 15. Values of AH° may also be obtained graphically from a..." 
plot of —Rln K; against 1/7 by reading the tangent to the curve ati vor, 
each temperature, as the van’t Hoff equation a the variation off 7) 
dissociation constants may be written in the form d(—RlnK;)(H§ ig... 
(1/T)=AH?. In figure 5, values of —RIn K, (darkened circles) ar¥ };, ; 
shown plotted against 1/7. The curve passed through a mininungy 

at about 18° C, and therefore AH° changes sign at this temperatur 


tude 


Values of AH®° determined graphically are not as accurate as those 1! 
determined by eq 42, owing to the difficulty of reading with acc uracy of t 
the tangent to the curve. The values of AC,° increase slightly with J mea 


the temperature, as predicted by a semiempirical equation derived buff 
by Moelwyn-Hughes [34]. Values of AF° and AS® also increase with 
respect to temperature. 
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wy 
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rise 15.— Thermodynamic data from 0° to 60° C for the dissociation of the acid 
phthalate ion into hydrogen and phthalate ions 








pera- AF* 4H° | As°® | A4C;° 
ture | | 

°C Int.j | cal | Int. j | cal Zz Sha cal Int.j | cal 

0 28, 407 6, 791 4, 951 1,183 | —85.9 —20. 5 —268. 7 —64, 2 

5 28, 849 6, 896 3,505 | 80 | —90.8 —21.7 —273.6 | —65.4 
10 29,315 | 7,008 2,215 | 529 | —95.7 —22.9 —778.5 | —66.6 
15 29, 806 7, 125 810 194 | —100.6 —24.1 —283.4 | —67.8 | 
2 | 30,321 7, 248 —620 —148 | 105. 5 —25. 2 —288. 4 —68. 9 
05 30, 861 7,377 —2,074 | —496 | 110.5 | —26.4 —293. 3 —70.1 | 
1) 31, 426 7, 512 —3, 552 ~849 | 116.4 | —27.6 | —208.2 } ~71.3 | 
35 32,015 | 7,653 —5,055 | —1,208 | 120.3 | —28.8 —303.1 | —72.5 | 
40 32,629 | 7,800 —6, 583 —1, 574 125. 2 —22.9 | —308.0 —73. 6 
45 33,267 | 7,952 —8, 136 —1, 945 130. 1 —31.1 —312.9 —74.8 

54) 33, 930 8, 111 —9, 713 —2, 322 135. 1 —32.3 —317.9 | —76.0 

55 34, 618 8, 275 —11, 314 —2, 705 140. 0 —33.5 | —3228 —77.2 

60 35, 330 8, 445 —12, 940 —3,003 | 144.9 | —34.6 —$77.7 | —78.3 





The values of AF®° are obtained directly from those for K,. The 
rors in Ky introduce uncertainties in the values of AF° of only 0.1 
percent, or about 35 int. j or 7.5 calories. The values of AH® and 
iC are subject to large error, estimated to be of the order of 100 
alories in AH® and 3 calories in ‘AC. The error in AS® is determined 
by the uncertainties in AH® and AC” * and is approximately 0.3 calorie. 
Unfortunately no calorimetric measurements faire been made of the 
heat of dissociation of the acid phthalate ion, or of the heat capacities 
of the ions involved in the dissociation of this ion, with which compari- 
onsmay be made. However, data are available for two other second 
dissociation of dibasic acids, namely for oxalic [35] and malonic acids 
§|, with which comparisons may be made. Values of AC at 25° C 
lor oxalic and malonic acids are, respectively, — 59 and —61.3 calories, 
which are of the same order of magnitude as —70.1 found in this in- 
vestigation and quite different from the average of about —40 calories 
found for monobasic acids [10,36]. For the same acids, AS°® is, respec- 
tively, —24.4 and —30.0 which is likewise of the same order of magni- 
tude as —26.4 found in this investigation and some higher than an 
average value of about —20 calories found for monobasic acids [10, 36}. 

The similarity in the values of AC? and AS® for these three acids 
fers indirect confirmation of the reliability of the data obtained in 
this investigation. 


Py authors are indebted to Gladys D. Pinching for making a part 

f the calculations and drawings and to Cyrus G. Malmberg for 
measuring the conductance of the water used in the preparation of the 
buffer solutions. 
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IMPACT STRENGTH OF NYLON AND OF SISAL ROPES 
By Sanford B. Newman and Helen G. Wheeler 


ABSTRACT 


Static and impact tests were made on spliced specimens of %,-inch-diameter 
three-strand nylon rope and %,¢-inch-diameter, four-strand, sisal rope. 

The stretch of the ropes under impact and static loading up to failure wag 
measured, and from these data energy-stretch behavior was determined. 

It was found that the energy required to cause failure under impact loa 
was greater than the energy required to cause failure under static loading. 
stretch of the rope at failure was practically the same under impact and stitie 
loading. 

The results of these tests indicate that energy values computed from static vests 
of these ropes give a safe estimate of the performance of the rope under impact 
loading. 
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I. INTRODUCTION 


Although it is customary to test the strength of rope in machines 
that apply the load at a slow rate, ropes are expected to withstand 
impact loads in important uses. Safety ropes used by structural 
workers, shipbuilders, and lumbermen, for example, are expected to 
absorb the shock if the workman falls. His life may depend upon the 
impact energy absorbed by the rope. Similarly, mountain climbers 
are dependent upon the impact strength of their ropes. The work 
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reported in this paper was undertaken to supply accurate informatio, 
as to the strength and limitations of ropes under consideration by th, 
Office of the Quartermaster General for the use of mountain troop; 
The results are equally applicable to related uses of ropes. . 

Adequate data had previously been furnished by the Bureau as ty 
the energy that can be absorbed by a rope, as computed from th» 
load-stretch curves obtained from a specimen loaded at a compan. 
tively slow rate of speed in a testing machine. It was realized tha; 
the energy-absorbing capacity of “the rope might be substantially 
different under impact loading. , 

The most severe impact to which a climbing rope can be subjected 
would be applied by a man falling from a position directly above the 
point of attachment of the rope, with the rope fully extended, and 
dropping through a distance equal to twice the length of the rope. || 
was therefore suggested that nylon rope and sisal rope, representing 
fibers and sizes commonly in use, be tested to determine energy and 
stretch behavior under impact and static loading. The lengths of 
samples suggested for test were 5 ft and 10 ft; the impact load to be 
dropped through a distance equal to twice the length of the ropes, 
For the purposes of this investigation, failure was defined as the break- 
ing of one or more strands at the maximum load sustained in a static 
test, or the breaking of one or more strands under the impact load 
applied in an impact test. 


II. SPECIMENS 
1, STATIC TESTS 


Four 120-ft coils of %s-in.-diameter three-strand nylon climbing 
rope of type 300 bright nylon yarn and one 53-lb coil of %¢-in.-diam- 
eter four-strand, sisal rope, supplied by the Office of the Quarter- 
master General, were used for these tests. The specimens were con- 
ditioned in an atmosphere of 65 +2-percent relative humidity and 
70° +2° F for at least 72 hours preceding the tests. 

Three spliced specimens of sisal rope and three spliced specimens of 
nylon rope were prepared for determination of breaking strength, load- 
stretch relationship, and stretch at failure under static loading. Each 
was a conventional breaking-strength specimen having an eye splice 
at each end and a free length of approximately 2 ft. The splices con- 
sisted of three full tucks and two tucks made with half the yarns in 
each strand. The over-all lengths and the free lengths of the sisal 
and the nylon specimens were measured under no load while they 
_ in the testing machine ready for test. The lengths are given iu 
table 1. 


TaBLE 1.—Over-all length and free length of static specimens 




















Specimen Over-all length| Free length « los 
an 
fn. in. 8c: 

Sn) eee SON Pes 48.7 21.9 t 
ee en. eRe. i Nas ws ies 48.6 22.9 a 
EEE DOU. .c.cleucdddldacuocetaducesbsidedesiou 4 22.6 m 

ON GE I, Mines Te eee 48.3 24.4 

reall TL es 5 ino FR 48.5 “1 ar 
) ST RSS PTT ELSIE eT ae eee 48.4 23.9 m 








* Defined as the distance between a point } in. in from the last tuck of 1 splice to a point } in. im from the 
last tuck of the other splice. 
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2. IMPACT TESTS 


Fourteen spliced specimens of nylon rope and 15 spliced specimens 
of sisal rope from the same coils as were used for the static tests with 
;{t nominal over-all length were used for impact test. In addition 
}2 spliced specimens of each kind of rope with 10-ft nominal over-all 
length were tested. These specimens also consisted of a free length 
with an eye splice at each end. The splices of the impact-test and 
static-test specimens were carefully made so as to be very nearly 
alike. 

The specimen lengths were measured by determining the distance 
L shown in figure 1. The specimen was suspended from an eyebolt 
by means of snap links passed through one eye, and the weight = 
was fastened to the other eye by means of other snap links. The 
weight pan and its connecting snap links weighed 14 lb. An appre- 
ciable amount of creep was exhibited by the nylon specimens, and their 
lengths were taken 5 minutes after the weight pan was attached. No 
creep was observed in the sisal specimens. The lengths of the four 
groups of specimens are given in table 2. 


TaBLE 2.—Lengths of impact specimens 
[All specimens measured under a load of 14 Ib.) 

















Specimens | Maximum | Minimum | Average 
} 

Sit sisal: in. in. in. 
OU ic cneccunkccedectsndenctgnebrsenteibesecentatns 60.1 58.4 59.2 
|). SER CS a ae 32.5 29. 4 30.2 

10-ft sisal: 
le SE See eee eee 2 ee ee 121.2 118. 5 119.7 
sees « . ee Oe 92.0 89. 5 91.0 

$ft nylon: 
EE ee ee 62.4 | 60.2 61.3 
IT SET ae} Sy SE 36. 6 | 34.0 35.3 
1Oft nylon: | 
a ea ae a See 126.7 | 121.6 123.6 
|) eS ae ee eee eS ee 99.5 | 95. 5 | 06.9 
| 





III. TESTING PROCEDURE 
1. STATIC TESTS 


The static-test specimens were loaded in a horizontal hydraulic 
testing machine of 100,000-lb capacity, the 20,000-lb scale range 
being used. The specimens were fastened to the heads of the testing 
machine by means of a 3-in.-diameter pin passed through the eye at 
each end. The speed of the moving head of the testing machine was 
l elo during the tests. Each specimen was loaded until failure 
occurred, 

To determine the load-stretch relationship, stretch readings unde: 
loads from zero to the maximum load were taken for the free length ' 
and for each eye and splice of each specimen by means of a graduated 
scale held parallel to the specimen and with the end of the scale 
tangent to the pin through the eye at the set head of the testing 
machine. Stretch readings were taken at both ends of the free length 
mo the end of the specimen at the moving head of the testing 
machine. 


! Defined as the distance between a point \ in. in from the last tuck of 1 splice to a point }4 in. in from 
the last tuck of the other splice. 
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Figure 1.—Schematic diagram of impact-test setup. 


Legend: UH, Upper head;*ZH, lower head; RS, release string; W, weizh 
R, rope; 3SL, three snap links; WP, weight pan; C, clay column; L, 
length of the specimen. 


t; B, bar; 2SL, two snap links 
ugth of specimen; 2L, twice the 
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2. IMPACT TESTS 


A large testing machine was found convenient for mounting and 
adjusting the fixtures used in the impact tests. Figure 1 shows 
schematically the fixtures used for applying impact loads to the spliced 
specimens. A 1-in. steel bar (B) was gripped in the jaws of the upper 
head (UH) of the large testing machine and passed through the lower 
head (LH). An eyebolt screwed into the bar was attached to the 
specimen (R) by means of two snap links (2 SL) passed through one 
eye. The other eye of the specimen was attached to the eyebolt of 
the weight pan (WP) by means of three snap links. The weight 
W) consisted of steel disks with a 4-in. hole through their centers. 
The disks were bolted together, passed over the bar, and suspended 
by means of a \-in. diameter sash-cord release string (RS), which was 
strung over two pins in the lower head. 

The lower head was then raised or lowered until the distance (2L) 
from the bottom of the vege to the top of the weight pan, was 
adjusted to twice the length of the specimen. The weight was dropped 
by cutting the release string. Each specimen was subjected to one 
impact load. 

The instantaneous clearance at impact between the weight pan and 
the floor was obtained from the clay column (Q). The distance from 
the bottom of the weight pan to the floor was measured before test 
and the height of the clay column was measured after the impact load 
had been applied. The difference between the two measurements is 
the stretch of the specimen under the impact load. The weight 
required to cause complete failure of the specimen or that needed to 
break one or more strands was determined. Where all of the strands of 
a specimen parted it was impossible to determine stretch under load. 


IV. RESULTS 
1. STATIC TESTS 


From the load-stretch data obtained from the static tests of the 
specimens, the load-stretch relationships were calculated separately 
for each eye and splice length and for the free length of each specimen. 
The test results of the three sisal specimens and the three nylon speci- 
mens were averaged. 

_In figures 2 and 3 the stretch, in inches, of the eyes and splices of the 

sisal and the nylon static-test specimens have been plotted against 
load. The curves have been drawn through the average stretch 
values. The individual stretch-load curves for each eye and splice 
length were also drawn, and the area under each curve was determined 
by graphical integration. This area gives the energy absorbed by 
ape and splice. The energy values in inch-pounds are presented 
in table 3. 
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Fiagure 2.—Load-stretch curve for eye and splice lengths of sisal static-test specimens 
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Fiaure 3.—Load-stretch curve for eye and splice lengths of nylon static-test 
specimens. 
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TaB_e 3.—Results of static tests 
[Speed of moving head of testing machine, 1 in./min.] 









































— 
Specimen Specimen 
Average Average 
1-la 1-1b | 1-le 1-28 1-2b 1-2c 
Sisal, %ce in. in diameter Nylon, Xe in. in diameter 
Breaking load, Ib...........- 2, 800 3, 230 2, 920 2, 980 4, 320 4, 240 4, 050 
PellO....coqrescecsceceduhe< End of | End of | End of |......... In the | Inthe | In the }......... 
splice splice splice splice splice splice 
Elongation of free length at 
failure, percent............ 17.8 17.7 18.9 18.1 53.0 53.7 51.3 
Static energy: 
“Free length, in.-Ib/in.__. 161 193 191 182 616 583 566 
One eye and splice, in.- 
D.. .ccccceupecgeeegetce 2, 670 3, 330 2, 800 2, 970 8, 380 8, 510 7, 670 | 
Other eye and splice, in.- } 
ID. cooquocossssecusudes 2, 900 | 8, 270 2, 880 | 8, 000 7, 750 7, 640 | 
| 



































In figures 4 and 5 the percentage of stretch of the free lengths of the 
sisal and the nylon static-test specimens have been plotted against 
load. The curves have been drawn through the average stretch 
values. The individual stretch-load curves for each free length were 
also drawn, and the area under each curve was determined by graph- 
ical integration. This area gives the ene absorbed by rik unit 
length of free length of the specimen. The energy values in inch- 
pounds per inch are presented in table 3. 

The average over-all lengths of the 5-ft impact specimens and of 
the 10-ft impact specimens of each kind of rope were determined, and 
static-load—stretch curves were drawn for specimens having these 
over-all bongs. It was assumed that the eye-and-splice part of the 
hypothetical and the static specimens would have the same load- 
stretch relationship, and that the free length part of the two kinds 
of specimens would have equal stretch per unit length. These load- 
stretch curves are given io eute 6. 

By graphical integration of the static load-stretch curves for the 
average-length impact specimens shown in figure 6, the energy absorp- 
tion for various amounts of stretch was obtained. This computed 
static-energy-stretch relationship is given by the lines in figures 7, 
8 9, and 10. The energy values corresponding to the stretch at 
failure of the first strand are the ordinates at the maximum stretch 
on these curves. The values given in table 4 are the computed static 
energies for specimens having the average length of the impact-test 
specimens when loaded to failure of the first strand. 


TABLE 4.—Computed total atatic energy required to break one strand of specimens 
having the average length of those used for the impact tests 




















Nominal length and fiber Energy 
ft-lb 
el ee ee 
SG iacidcccceccncccctcnccoces 1,860 
OF BE ccccnsscevsecccscccconce 3, 190 
BPs Sen ccencnacccecceccsccsese 6, 490 
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Ficure 4.—Load-stretch curve for free length of sisal static-test specimens. 
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Ficure 5.—Load-stretch curve for free length of nylon static-test specimens. 
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2. IMPACT TESTS Tabi 
The results of the impact tests are given in tables 5 and 6 and ip Bel 
figures 7, 8, 9, and 10. — 
TABLE 5.—Resulis of impact tests of four-strand \%¢-in.-diameter sisal rope oe 
(Height of drop of load, twice the length of the specimen. Each specimen impacted once only} le 
. —_— ie 
5-{t specimens 10-ft specimens 
j 2 
Number Number 2 
Impact Impact 2 
Load | Stretch | of strands! enérey Lond | Stretch |ofstrands| ‘cote : 
b in. stb b in. ft-lb 
mn 10.6 0 1,070 97 16.6 0 2, 080 ‘ 
119 11.6 0 1, 300 107 18.1 0 2, 300 
129 12.1 0 1, 400 122 18.4 1 2, 640 
132 10. 5 0 1, 430 123 20.7 0 2, 600 
142 11.3 2 1, 530 132 19.7 0 2, 860 
152 11.6 2 1, 660 142 23.0 3 3, 150 
162 15.9 3 1, 810 142 249 3 3, 150 
164 4.7 2 1, 830 SF woe 3 & = 
184 13.6 1 2, 060 162 M1 3 3, 700 
208 19.6 3 2, 430 ee 4 
208 21.8 3 2, 490 ae ‘Mi aeitades 4 
214 25.2 3 2, 500 172 a 4 
a hl codkiets te [PP at 
a” © esdhme Sh Shes mm 
See ED ares once 
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4 > 
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Figure 7.—Energy-stretch relationships for 5-foot sisal specimens. 


The curve was computed from static data. The circles ~~ results of impact tests, and the numbers 
refer to number of bro strands. 
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TaBLE 6.—Resulis of impact tests of three-strand, Ke-in. diameter, nylon rope 
(Height of drop of load, twice the length of the specimen. Each specimen impacted once only) 



























































5-{t specimens 10-ft specimens 
Number Number 
Impact Impact 
Load Stretch | of — energy Load Stretch | of — energy 
in. ft-lb lb in. ft-lb 

28.1 0 3, 230 268 55.0 0 6, 740 

27.5 0 3, 340 278 55.4 0 7,010 

20.2 0 3, 510 288 56.2 0 7, 250 

27.9 0 3, 500 298 58.5 0 7, 590 
eunsease 3 ovneunat 208 57.4 0 7, 620 
28.2 0 3, 620 ae” 94 eecscase >  echestene 

29.7 0 3, 770 308 58.2 0 7, 840 

28.5 0 3, 730 328 62.0 0 8, 550 

28.7 0 3, 870 328 61.6 0 8, 570 
29.1 0 3, 940 / wwe eee S) @ essssm 
39.0 2 4, 370 me? LS segenete - 4 «meaie 
olen maa oo oe gga meee pta = 

S | Idteasane 
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Fiaure 8.—Energy-stretch relationships for 10-foot sisal specimens. 


The"curve was computed from static data. The circles —— results of impact tests and the numbers 
refer to number of bro strands. 
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The impact ene absorbed by each specimen was com 
multiplying the me A by the total height of drop, which included ¢}, 
tren of the specimen, and adding the stretch tames the weight oft}, 
weight pan. 

Stretch under impact load was plotted against the energy compute 
in each case and these are plotted as circles in figures 7, 8, 9, and 1) 
The numbers in the circles refer to the number of broken strands 
Where no number appears in the circle, the specimen did not {,j/ 
under the impact load. 
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Ficure 9.—Energy-stretch relationships for 5-foot nylon specimens. 


The curve was computed from static data. The circles ae results of impact tests and the numbers 
refer to number of bro strands. 
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V. DISCUSSION 
1, GENERAL 


The two kinds of ropes were very different, not only in fiber but in 
construction as well. The sisal rope was four-strand in construction, 
and was made from a natural fiber of relatively short length, whereas 
the nylon rope was three-strand and made from a synthetic continuous 
fiber. The diameters of these ropes were also different. 

Although the higher breaking strength of the nylon rope appears to 
be reflected in the higher impact energy at failure, on the beds of these 
tests alone it appears unwise to attempt to develop a relationsiip 
between breaking strength and ultimate impact energy. 
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2. STRETCH 


i by 
1 th Lutts and Himmelfarb * have found that when cotton and manila 
f th pes are subjected to dead loads considerably below their normal 

wreaking strengths they continue to stretch with time until limiting 











ted rglues are reached and the ropes fail. These limiting values were 
| 10M vractically equal to the stretch at the breaking point as determined 
nds HM hy static tests in a testing machine. 
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; Figure 10.—Energy-stretch relationships for 10-foot nylon specimens. 


The curve was computed from static data. The circles re mt results of impact tests and the numbers 
refer to number of bro strands. 


On the basis of these long-time tests they have concluded that the 
limiting range of stretch in a rope is a constant, regardless of the 
tension or load on the rope. 

This conclusion is also in line with the present results of tests of 
sisal and of nylon ropes subjected to impact loads. Table 7 gives a 
comparison of the stretch of the static and the impact specimens. 


a 
‘Carlton G. Lutts and David Himmelfarb, The Creep phenomenon in ropes and cords, Proc. Am. Soc; 
Testing Materials, pt. I, 40, 1251 (1940). 
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TABLE 7.—Stretch of static and of impact specimens 





Maximum 
stretch of a 


ww did not 
break under 
impact load 





in. 




















It is possible to conclude from these values that the stretch undo; 
static and impact loads is of the same order of magnitude and any 
variation seems to be essentially random in nature. ) 


3. ENERGY 


(a) COMPARISON OF ENERGY ABSORBED BY SISAL ROPES UNDER STATIC AND 
IMPACT LOADING 


Examination of figures 7 and 8 shows that in all tests the energy 
required to produce a given stretch in the sisal specimens was greater 
for impact loading than for static loading. 

The energy computed from the data obtained for static loading 
may therefore be used as a safe estimate of the capacity of a sisal rop. 
to absorb energy of impact loads where the length does not exceed 
10 ft. For example, if the total energy absorbed under static loading 
by an impact specimen of average length is derived by integration of 
the two sisal curves in figure 6 and the energy value is divided by the 
distance through which the load falls before the specimen break: 
(i. e., twice the ng of the specimen plus the stretch at failure), 
then a weight of 91 lb is indicated as that just required to break the 
5-ft specimen and 85 lb for the 10-ft specimen. The smallest weigh: 
to cause failure in the impact test when dropped through a distance 
equal to twice the length of the rope was 142 and 122 lb for the 5-f 
and 10-ft specimens, respectively, which is considerably higher than 
the computed values from the static tests. 

As the specimens broke at practically the same stretch under both 
conditions of loading, and as the energy required to cause failure 
was greater for impact loading, it follows that the load-stretch curve 
for impact loading is different from the curve for static loading and 
lies above it. 


(b) COMPARISON OF ENERGY ABSORBED BY NYLON ROPES UNDER STATIC AND 
IMPACT LOADING 


Figures 9 and 10 show that the energy required to produce a given 
stretch in the nylon specimens was greater for impact loading then 
for static loading. Therefore, the ene computed from static-test 
load-stretch data may also be used to obtein a safe estimate of the 
impact-energy capacity of a nylon rope of the length used in thev 
tests. 
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If the energy absorbed under static nego by an impact specimen 
average length is derived by integration of the two nylon curves in 
jure 6, and this energy value is divided by the distance through 
shich the load falls before the specimen breaks (i. e., twice the length 
of the specimen plus the stretch at failure), a weight of 247 lb is 
adicated as that just required to break the 5-ft specimen and 249 lb 
or the 10-ft specimen. Both of these values are below the weights 
jetermined experimentally, namely, 278 and 298 lb for the 5-ft and 
the 10-ft impact specimens, respectively. 

As the nylon specimens also broke at practically the same stretch 
yder both conditions of loading, and as the energy required to cause 
gilure was greater for impact loading, it follows that the load-stretch 
curve for impact loading is different from the curve for static loading 
and lies above it. 

4. EFFECT OF ROPE LENGTH 


For the two lengths of specimens tested with impact loads, there 
was no significant difference in energy per unit length to cause failure 
attributable to rope length in either the nylon or sisal specimens. 


WasHINGTON, July 20, 1945. 
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0XIDATION OF GALACTURONIC ACID AND OF 5-KETO- 
GLUCONIC ACID IN ALKALINE SOLUTION 


By Horace S. Isbell and Nancy B. Holt 


ABSTRACT 


In the present investigation determinations were made of the quantities of 
oxalate, tartrate, and trihydroxyglutarate formed by the oxidation of galacturonic 
acid and of 5-keto-gluconic acid in the presence of various bases and various 
concentrations of the base. Although preliminary measurements indicate that 

e proportions of the products can be altered by use of catalysts, this report is 
restricted to the results obtained without the addition of catalytic substances. 
Oxidation of sodium galacturonate with oxygen in 1-N sodium hydroxide sol:tion 
gave oxalate, D-tartrate (levo), and p-arabo-trihydroxyglutarate in yields of 0.10, 
0.10, and 0.45 mole, respectively, per mole of galacturonate. Oxidation of sodium 
§-keto-gluconate under like conditions gave oxalate, L-tartrate (dextro), and zylo- 
trihydroxyglutarate in yields of 0.29, 0.10, and 0.45 mole, respectively, per mole of 
sodium 5-keto-gluconate. Directions are included for the preparation of potas- 
sium D-arabo-trihydroxyglutarate from galacturonic acid. 
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I. INTRODUCTION 


The development of relatively simple methods for the preparation 
of salts of galacturonic acid [1]! and of 5-keto-gluconic acid [2] makes 
these substances readily available for the investigation of possible 
uses. The preparation of t1-tartaric acid (dextrorotatory)’ from 
5-keto-gluconic acid and the preparation of p-arabo-trihydroxyglu- 
taric acid from galacturonic acid are reported in the patent literature 
(3, 4]. The processes for the preparation of the two products are 


' Figures in brackets indicate the literature references at the end of this paper. 

? Dextrorotatory tartaric acid is commonly called d-tartaric acid. The ‘“‘d’’ refers to the direction of 
optical rotation, and should not be confused with the “‘p’”’ used to indicate configuration in the carbohydrate 
feld. Dextrorotatory tartaric acid is configurationally related to L-glyceraldehyde, the substance used for 
the D and L classification of the carbohydrates. In this paper it is designated L-tartaric acid. 


670468—45——6 433 
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similar, but it would appear from the patent specifications that 5-kei, 
gluconic acid on oxidative cleavage yields largely a 4-carbon dibasic 
acid (tartaric), whereas galacturonic acid yields largely a 5-carboy 
dibasic acid (trihydroxyglutaric). Since both materials might ba 
expected to yield both 4- and 5-carbon dibasic acids, further investiga. 
tion of the oxidative cleavage of the two substances seemed desirable. 
5-Keto-gluconic acid nd galacturonic acid are sugars having 
terminal carboxyl group in place of the terminal CH,OH group 
characteristic of the simple sugars. Thus galacturonic acid is a sy)- 
stituted p-galactose and 5-keto-gluconic acid is a substituted L-sor- 
bose. The investigations of Nef, Spoehr, Anderson, Evans, Glattfeld, 
and others [5] have shown that the oxidation of reducing sugars jy 
alkaline solution gives rise to numerous products. In the galactose 
series, it has been shown that oxidative cleavage of the bond between 
carbons 1 and 2 yields p-lyxonic and formic acids; cleavage of the 2. 
3-bond yields p-threonic and glycolic acids; and cleavage of thie 3, 
4-bond yields two molecules of glyceric acid. In addition to these 
acids, small quantities of carbon dioxide and oxalic acid are formed 
With galacturonic acid, I, oxidative cleavage of the 1,2-bond would 
be expected to yield formic acid and p-arabo-trihydroxyglutaric acid, 
II, and cleavage of the 2,3-bond, glycolic acid, and p-tartaric acid, 
Ill. With 5-keto-gluconic acid, IV, oxidative cleavage of the bond 
between carbons 5 and 6 or between carbons 4 and 5, would jbe 
—— to yield products quite similar to those formed from 
alacturonic acid. The 5-carbon dibasic acid in this case would 
be zylo-trihydroxyglutaric acid, V, and the 4-carbon dibasic acid, 
t-tartaric acid, Vl. Oxidative cleavage of the 3,4-bond of either 
galacturonic acid or 5-keto-gluconic acid would be expected to 
yield p,t-glyceric acid and tartronic acid. The separation and 
quantitative determination of all the products formed by the oxida- 
tion of the two materials would constitute a long investigation, which 
does not seem warranted at this time. The present study has been 
restricted to the determination of the amounts of oxalic, tartaric, and 
trihydroxyglutaric acid formed in the reaction. 
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glutaric acid. 
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C=O HCOH HOCH 
(n,0H soon boou 
5-Keto-p-gluconic V. cylo-Trihydroxy-glutaric VI. .-Tartaric acid, 


used for low-pressure hydrogenation. The aqueous alkali required 


in the experiments in which calcium hydroxide was used as a base 
ecipitate was formed which consisted largely of calcium oxalate 


When a soluble hydroxide was used, an equivalent amount of calcium 
ride was added to the solution containing the oxidation products 
precipitate the insoluble calcium salts. The precipitate was 
cted on a filter, washed with lime water, dried, and weighed. A 
ium determination was made on the dried material to facilitate 


Oxalate was determined on a sample of the dried calcium salts by 
lving them in acid and precipitating calcium oxalate by the 


‘ipitation of calcium tartrate was prevented by the addition of 5 g 
ammonium acetate per 100 ml of solution.* The calcium oxalate 


sual manner. 


ric acid may be used also to avoid interference of tartaric acid in the determination of oxalate. See 
lysis of Foods” by A. L. Winton and K. B. Winton, page 216 (John Wiley & Sons, Inc., New York 
, 1945). 
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acid, 


II. EXPERIMENTAL METHODS 
1, OXIDATION METHOD 


- oxidation reactions were conducted in a Parr apparatus of the 


ch experiment was placed in the glass reaction flask and saturated 
oxygen at room temperature. The material to be oxidized, 
ally 0.05 equivalent, was added quickly, connections were made 
ped oxygen supply, and the mixture was shaken vigorously with 
‘n at a pressure of 20 pounds. Most of the oxidation occurred in 
uurse of several hours, but in order to maintain uniform condi- 
and be certain that the reaction was complete, shaking was 
sued for a period of 48 hours. The reaction mixture was then 
‘d or used for the preparation of the desired compounds. At the 


i of the reaction period a test for copper-reducing substances by 


s of Benedict’s reagent was negative. 


2. DETERMINATION OF OXALATE, TARTRATE, AND 
TRIHYDROXYGLUTARATE 


basic calcium salts of tartaric acid and trihydroxyglutaric acid. 


quent work. 
on of ammonium hydroxide to neutrality. ‘Phe simultaneous 


precipitated and titrated with potassium permanganate in the 
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The determination of tartrate was based upon the separa 
potassium acid tartrate and its titration with standard alkali. Two 
grams of the dried mixture of insoluble calcium salts was added to . n 
amount of finely powde red crystalline oxalic acid equivalent to the 
calcium present. Four milliliters of water was added, and the mixture 
was allowed to stand with frequent stirring. After about 24 hours 
1.8 g of potassium acetate was added, and the material was stirred to 
induce crystallization of potassium acid tartrate. At the end of an 
hour 18 ml of glacial acetic acid was added, and the mixture 
allowed to stand for 24 hours. Fifteen milliliters of 95-percent ale: 
was then added, and after an additional 24 hours the mixture wa 
filtered on a Gooch crucible, washed with 5 = 1 of 95-percent aqueous 
acetic acid, 5 ml of glacial acetic acid, and finally with 95-percent 
alcohol. The filtrate and washings were set aside for the determin: 
of trihydroxyglutaric acid. The crucible and contents were d 
105° C in a vacuum oven until free from volatile acids. Th 
material, largely calcium oxalate and potassium acid tartrat 
suspended in water, and the potassium acid tartrate was de termin 
by titration with potassium hydroxide. 

The determination of trihydroxyglutarate was based upon precipita- 
tion as the insoluble lead trihydroxyglutarate. The filtrate from the 

tartrate determination was evaporate d to dryness at room t« mperatur 
in a stream of air. The residue was dissolved in a few millilit 
water, and an aqueous solution of lead acetate was added in a 
sufficient to convert the potassium trihydroxyglutarate to the in 
ner A large excess of lead acetate w as avoided. After 18 |! 
the lead salt was filtered on a weighed Gooch crucible, washed 
water, dried at 60° C in a vacuum oven, and weighed. 

In order to establish the identity of the lead salt derive 
galacturonic acid, it was converted to the characteristic crys 
potassium salt. The optical rotation and analysis showed th: 
product was potassium p-@rado-trihydroxyglutarate. 

To identify the lead salt from 5-keto-giuconic acid, it was d 
posed with hydrogen sulfide, and the acid was converted to tl! 
bisphenylhydrazide. The melting point and analysis agreed with those 
of the previously known bisphenylhydrazide of zylo-trihydroxyglu- 
taric acid. 


3. PREPARATION OF POTASSIUM ACID D-TARTRATE (LEVO) 
AND POTASSIUM D-ARABO-TRIHYDROXYGLUTARATE FROM 
SODIUM GALACTURONATE 


For the separation of potassium tribydroxyglutarate a method w 
employed which is somewhat similar to that used for the analysis of 
the oxidation mixture. The sodium galacturopate (0.15 mole) was 
dissolved in 600 ml of normal sodium hydroxide and oxidized in the 
manner described on page 435. When oxidation was complete, 
reaction product was treated with 45 g of calcium chloride. After 
several hours, the resulting mixture of difficultly soluble calcium salts 
was separated by filtration, washed with lime water, and finally sus- 
pended in water. Sufficient oxalic acid was added to convert the 
salts to calcium oxalate and the free acids. It was nec ssary to digest 
the mixture on the steam bath for several hours to effect com 
‘onversion of the salts. The calcium oxalate was separated by { 





Oxidation of Galacturonic Acid 437 


jon and discarded. ‘The filtrate was divided into two equal parts, 
me of which was neutralized with potassium hydroxide. The two 
portions were then combined, and the solution was concentrated to a 
volume Of 100 ml. Methyl alcohol was added to the point of tur- 
bidity, and the solution was allowed to stand until crystallization of 
potassium acid tartrate was complete (2 days). The crystals were 
vilected on a filter, washed with 50-percent aqueous alcohol, and 
ied. The crude potassium acid tartrate weighed 4.22 g. After 
me recrystallization from water, 2.8 g of pure potassium acid p- 
wrtrate was obtained. ‘This corresponds to 0.10 mole of tartrate per 
nole of sodium galacturonate. 
The filtrate and mother liquor remaining after separation of the 
pa acid tartrate were combined, and the resulting solution was 
ralized with potassium hydroxide and evaporated nearly to dry- 
ness. The crystals that formed were separated by filtration, washed 
with 50-percent aqueous alcohol, and dried. The material thus ob- 
tained weighed 17.3 g, corresponding to a yield of 0.45 mole of potas- 
sum tribydroxyglutarate per mole of sodium galacturonate. The 
cude material had a specific rotation of —8.4°. After recrystalli- 
zation of the compound from water, [a]? =—8.6° (water,c=4). The 
specific rotation of potassium pD-arabo-trihydroxyglutarate reported in 
the literature is —8.7° [6]. Analysis: Calculated for K,C;H,O,;: C, 
23.43; H, 2.36; K, 30.51. Found: C, 23.4; H, 2.7; K, 30.5. 


4, PREPARATION OF POTASSIUM ACID L-TARTRATE (DEXTRO) AND 
POTASSIUM XYLO-TRIHYDROXYGLUTARATE FROM CALCIUM 
5-KETO-GLUCONATE 


Sodium carbonate (5.3 g) was added to 24 g (0.1 equivalent) of 
calcium 5-keto-gluconate suspended in 200 ml of water. After re- 
moval of the resulting calcium carbonate by filtration, 200 ml of 
2-N sodium hydroxide was added and the sodium 5-keto-gluconate 
was oxidized with oxygen. Potassium acid L-tartrate and potassium 
rylo-trihydroxyglutarate were prepared from the reaction mixture by 
the procedure described in the previous section for the preparation of 
potassium acid p-tartrate and potassium p-arabo-trihydroxyglu- 
tarate. The potassium acid L-tartrate weighed 0.95 g and was sub- 
stantially pure. The potassium zylo-trihydroxyglutarate did not 
crystallize and was obtained only as an amorphous solid. By treat- 
ment with lead acetate it was converted to lead rylo-trihydroxyglu- 
tarate. The lead salt (17 g) was decomposed with hydrogen 
sulfide, and the resulting acid was converted to the characteristic 
bisphenylhydrazide. The latter substance melted at 210° C in 
accordance with the value reported by Fischer [7]. 


III. DISCUSSION OF RESULTS 


The results obtained by application of the foregoing methods to a 
number of salts of galacturonic acid and of 5-keto-gluconic acid are 
given in table 1. It will be recalled that oxidation of 5-keto-gluconic 
acid is reported to yield dextrorotatory tartaric acid [3], whereas 
galacturonic acid is reported to yield p-arabo-trihydroxyglutarate [4]. 

| the experiments given here, trihydroxyglutaric acid was obtained 
from both materials in approximately 45-percent yield, and tartaric 
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acid in approximately 10-percent yield. Thus, on oxidation with U 
oxygen in alkaline solution, in the absence of a catalyst, both 5-keto. 
gluconic acid and galacturonic acid yield the corresponding 5-carboy 

dibasic ucids in substantial quantities. Four-carbon dibasic acids 

are formed from the same substances in smaller yields, 


TaBLeE 1.—Oridation of galacturonic acid and 6-keto-gluconic acid 
in alkaline solution 
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} Products (moles per 

| alent of substance oxid 
' 


| Ser ( 


£ 
Oxalate | Tartrate 





Substance oxidized 


| raline { 
(0.95 equivalent) Alkaline medium 


———— —_—_—____—__|} 





Potassium galuctnronate.._.... i) tS lle eee 0. 08 0. 13 
Sodium galacturonate._..... oaenee 20 ml of 1-N NaOH.......-......-.- .10 .10 
Do _.| 200 mi of 2-N NaOH......-.-..-.--- .10 .09 
Sodium ca'cium galacturonate.._| 200 ml of l-N NaQH...____._..___- 17 .09 
Calcium galacturonate - 200 m! of water + 15 g of CaO .4) 1 
0 nackte tas) Seti 200 ml of water + 15 g of CaO+10 g of 44 .10 
caleium acetate, 
Sodium 5-keto-eluconate____.._..| 200 ml of 1-N NaOH... ..........-.. 29 .10 
Caicium 5-keto-gluconate.........| 200 ml of water +15 g of C ~ “era 31 li | 
| 











In all the experimente analie ac aid was teamed; in additien to tartari 
acid and trihydroxyglutaric acids. Power and Upson |8] have fo 
that air oxidation of both glucose and fructose in the presenc: 
calcium hydroxide yields calcium oxalate in relatively large quan- 
tities, whereas air oxidation in the presence of sodium hydr 
produces little or none. Our results with galacturonic acid 
5-keto-gluconic acid show that these substances also give higher } 
of oxalate with calcium hydroxide than with either sodium or potas- 
sium hydroxide. The yields of tartaric acid and trihydroxygl 
acid obtained with calcium hydroxide are Jess than those obtained 
with alkali metal hydroxides. The addition of calcium acetate to t! 
calcium hydroxide mixture caused only a small change in the an 
of oxalate and tartrate, but there was a substantial decrease in | 
amount of trihydroxyglutarate formed. 
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